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PREFACE TO THE FIFTH EDITION 

During the few years which have elapsed since the fourth edition of 
this work was published, great strides have been made in the industry 
of oils and fats. By laying under contribution the latest discoveries 
of pure science and translating them effectively into practice, a leap 
has been made in advance of all the limitations which, up till recently, 
science, and apparently even nature itself, had drawn. 

Whereas a decade or two ago chemical analysis pointed out the 
to technical development, and purely scientific discoveries appeared 
to have comparatively little influence on tlie progress of our industries, 
the order is now reversed. In its influence on the advance of the oils 
and fats industries pure science has stepped ahead, and it is now the 
turn of analytical chemistry to follow in the wake of progress and to 
detect in the finished atticle the achievements of technical work. 

There have not, therefore, been wanting voices declaring that the 
analytical armoury of recent years has become obsolete and that fat 
analysis has to begin afresh. 1 do not share this opinion. Just as 
little as the discovery of radium and the latest researches on the con¬ 
stitution of the chemical elements have been able to render superfluous 
the methods of miiioral analysis, so little will the present analytical 
edifice of the oil and fat industries be consigned to the limbo of things 
that were. 

The forwaiii strides which technical effort has made will only con¬ 
tribute to quicken the pace of the discoverer of new analytical methods 
and lead to a deepening of the foomdations of the analytical processes 
already available. Tims a timely warning has been raised against, 
the danger which threatened fat analysis at the hands of those who, 
by thoughtless application of very valuable •methods, uuwittin^y 
degraded fat analysis to a hollow formalism., 
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In view of the state of transition through which fat analysis is 
passing at present, I would have preferred to‘ allow some little time to 
elapse before a new edition was published, but as the last edition is 
completely exhausted, the appearance of the present work could not be 
delayed. 

In the present volume no more than an attempt could therefore 
be made to show where analytical processes will have to step in to 
assist the analyst in unravelling the mysteries which the technical 
chemist is now able to present to him. Some methods which are 
being worked out at present in my laboratory have been given in a 
tentative fashion only, as they are still being subjected to crucial tests. 

The amount of labour involved in the production of the present 
edition has been so great, *hat it was found impossible to publish the 
work as a whole, as was done before. The present volume, as in the 
last edition, deals with the chemistry and the analysis of oils, fats, and 
waxes. Although every endeavour has been made to corapres.s the 
subject-matter and eliminate what has become antiquated, it has been 
impossible to avoid a very considerable iticreaee in the bulk of this 
volume. 

In order to facilitate the rapid appearance of the work no index 
has been added; this is replaced, to some extent, by a very compre¬ 
hensive list of contents, which may suffice until the third volume 
supplies a full index to the whole work. The subject-matter of Volume 
II. being already in the press, no avoidable delay will occur in the 
appearance of the second and third volumes. 

J. LEWKOWITSCH. 


71 Priorv Road, 
London, N.AV., July 1913. 
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The rapid exhaustion of the third edition of this work and the 
favourable reception which has been accorded to the German and 
French editions on the Continent have _ encouraged me to widen 
the scope of the technological sections of this treatise. This has 
necessitated the complete rewriting of the work and its division 
into three volumes. 

The arrangement of the subject-matter in Volume I. has not 
undergone radical changes, and it need only be said that all new 
investigations, some of which were carried out in my own laboratory, 
have been fully incorporated with, and critically interwoven in, the 
old text. The fact that the same material had to be presented in the 
German and French languages has, I trust, contributed in some 
degree to the elimination of ambiguities in the diction. It has also 
enabled me to present the subject-matter in a more lucid manner 
and to rearrange it in strictly logical sequence. More attention than 
in previous editions has been paid to the historical development of 
analytical processes. This led to the correction of many wrong, 
although currently accepted, statements. 

The monographs which form the bulk of the second volume have 
been greatly expanded on the basis of practical experience gained 
by me in the course of recent visits to the most important establish¬ 
ments in the United States of America and on the Continent, 
especially in the south of Europe. An endeavour has been made 
to summarise the modifications of the several processes adopted in 
different establishments, and to present, as it were, an ideal sequence 
of manufacturing operations, combining the most advantageous 
features of working. To illustrate wherever possible the opmmercial 
importance of the oils, fats, and waxes, statistical data, drawn from 
the most reliable sources, have been added. The analytical portions 
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attached to each of the monographs have been Mly brought up to 
date, and have been amplified by_ a large amount of original investi¬ 
gations of a technological character carried out during the last few 
years in my laboratory (as a reference to the sections on “ Olive 
Oil,” “'Cod Liver Oil,” “ Lard,” “ Butter Fat,” “ Beeswax,” and others 
will show). In order to render this second volume more useful, an 
index of botanical and zoological names has been affixed. 

The additions to the third volume are proportionately the greatest. 
This is caused not only by the introduction of some new sections 
(such as “ Emulsified Oils,” “ Patty Acid Industry,” “ Technology of 
Waxes ”) but also by the allocation of much more space to the 
description of manufacturing operations. The new manufacturing 
processes which have been introduced lately have been fully recorded. 
The endeavour to be as concise as possible has led to the relegation 
of less striking progress to the footnotes, which give a complete 
reference to the patent literature of the last decades. 

Whilst every care has been taken to render the work as free 
from errors as possible, it would bo almost too much to hope that 
none have crept in. I should therefore be grateful to my colleagues 
if they would assist me by pointing out to me any errors they should 
happen to find. 

J. LEWKOWITSCH. 


71 Priory Road, 

London, N.W. 



PBEFAOE TO THE THIED EDITION 

The present work is nominally the third edition of my “ Chemical 
Analysis of Oils, Fats, and Waxes and the Commercial Products deiived 
therefrom." Practically it is a new work, for not only has the last 
edition been entirely rewritten, but it has also been expanded into a 
chemical technology of the subject. This extension of its scope will 
justify the change of title. 

The analytical portion, which in the previous editions constituted 
the most prominent feature of the work, now forms the main portion 
of the first volume of this book, whilst the technology of the subject 
has been relegated to the second volume. 

The first three chapters of Volume I. form a general introduction 
to both the analytical and technical portions of the work. Whilst I 
have given the amplest consideration to the scientific principles 
underlying the analytical and technical operations, I have kept 
prominently in the foreground the practical purposes which this 
work is intended to serve. Very frequent references have therefore 
been made in these chapters to the analytical methods and technical 
processes which form the main subjects of the present work. This 
especially holds good of the second chapter treating of the theoretical 
side of the hydrolysis (or saponification) of oils and fats, and akso of 
that portion of the third chapter which deals with the hydrolysis of 
soap. I hope that the new form in which the matter is presented 
may serve as an outline of the theory underlying the large industries 
described in Volume 11. 

The great impetus which analytical investigations have given to 
the development of this branch of chemical technology rendered it 
necessary to devote ample space to the analysis of oils and fats. 
Hence the technical methods of preparing the raw material which' is 

ix 



X CHEMICAL TECHNOLOGY OF OILS, FATS, AND WAXES 

subjected to chemical analysis in the laboratory have been transferred 
to the second volume. 

The chapters which in the former editions of this work dealt with 
the analysis have been entirely recast, and rearranged in such a 
manner as to provide all the information required by the analyst 
and by the technical chemist in a synoptical form. With this object 
in view I- have presented all recorded numbers and observations 
as far as possible in tabular arrangement. The division of the 
most important numerical values into “ constants ” * and “ variables,” 
outlined in my Laboratory Companion, has been strictly carried through 
in this work, as I consider that only the constants furnish values 
which are characteristic of the nature of an oil or fat, whereas the 
variables are merely determinants of their quality. I have further 
endeavoured so to arrange the analytical portion as to set before the 
reader a syst^atic course of analytical examination, the several 
methods being described in logical sequence. For the sake of con¬ 
venience I have briefly recapitulated this sy.stematic course in 
Chapter XL, illustrating it by means of a few examples. 

It need hardly be pointed out that all the new analytical matter 
which has accumulated since the publication of the last edition has 
been embodied in the work. Obsolete methods and obviously un¬ 
reliable processes have been omitted, my object being to offer, as far 
as I am able, to the analyst and technical chemist guidance and 
assistance such as the reader looks for in a work of this kind. 
The ideal course of pre.senting one analytical process only is not yet 
feasible. Therefore, I have ventured to critici.se somewhat freely 
when several processes had to be described, and to point out certain 
defects. Wherever possible I have added to my critical remarks 
suggestions for improvement. I feel that the weight of some practical 
experience attaches to such criticism as I offer, for the great majority 
of the methods described here have been te,sted repeatedly by myself 
and a number of younger colleagues in my laboratory during the last 
twenty years. 

In the last chapter of the first volume I have collated a numbeF of 
methods and suggestions which up till now bear a strictly scientific 
character, but may in the future be worked out into useful analytical 
processes. 

^ 'In the present edition the term “ constants ” has been replaced by “ characteristics. ” 
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The second- volume is specially devoted to the technology of oils 
and fats. A detailed description of each individual raw material 
has been given in Chapter XIV. I have summarised the knowledge 
we pos.se33 at present of each individual oil, fat, and wax, describing 
its occurrence, mode of preparation, mode of purification, chemical 
composition, examination and detection of adulterants, and pointing 
out its technical uses. Thus this chapter furnishes, in a concise 
form, a series of monographs of all known oils, fats, and waxes. 

The manufacturing processes practised in the oil and fat industries 
have been enumerated in systematic order in the last two chapters. 
Chief stre.ss has been laid on the exposition of the principles on 
which the individual industries are based. Wherever it appeared 
necessary I have added illustrations of apparatus. Most of these 
have been engraved especially for this edition, and those that 
are not new have been mostly re-drawn. The professes described 
are those which I know from my own experience to be in practical 
use at the present day. Antiquated processes liave only been touched 
upon in the briefest manner, when their description was deemed 
necessary for the proper understanding of more modern methods. 
The patent literature has, therefore, only been referred to in so far as 
it furnishes information of practical importance or contains sugges¬ 
tions for industrial application. It is, of course, impo.ssible to teach 
the art of successful manufacture, for this must bo learnt in the 
school of experience. In this section of the work the scope for 
criticism naturally became restricted. The reasons for this are 
obvious. Aloreover, the difficulty of judging is enhanced by the fact 
that a manufacturing process, which is carried out with advantage in 
one factory, proves not infrequently a failure in another. 

Throughout the tw'o volumes of the work there will be found 
interspersed a considerable number of original notes which I have 
not published hitherto. 

• In order to increase the utility of the book I have given 
numerous cross-references in its pages, and have added a somewhat 
comprehensive index of subject-matter. 

J. LEWKOWITSCH. 


71 Peiobv Road, 

London, N.W. 
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CHAPTER I 


CLASSIFICATION OF OILS, FATS, AND WAXES—PHYSICAL 
AND CHEMICAL PROPERTIES OP OILS, FATS, AND WAXES 


The fatty oils (liquid fate), solid fate, and waxes which are the subject 
of this treatise are found ready formed in vegetable and animal organ¬ 
isms, from those consisting of a single cell only up to the most highly 
organised plants and animals. The discussion of the theories put 
forward to explain the “ biochemical ” synthesis of oils, fats, and waxes 
in plants and animals lies beyond the scope of this work, and the reader 
must be referred to text-books on physiology for further information, all 
the more so as the opinions of physiologists differ. It may, however, bo 
pointed out that it appears to be certain that oils and fate and also 
waxes are formed from carbohydrates. Luai is of the opinion (which 
is not shared by other physiologists) that in the olive fruit mannitol is 
transformed into oil,^ and Miintz showed that glucose, saccharose, and 
starch seem to play in rape seed, poppy seed, and linseed, the same part 
which mannitol plays in the olive. In the animal organism also fat is 
formed from the carbohydrates ingested with the food. If the fats are 
synthesised in the organism by means of enzymes, from fatty acids ^ 
and from glycerol,^ it would follow that both must be first formed 
individually. In the case of fats which arc ingested with the food in 
large amounts, the fats are stored as such in the body tissues to serve 
as a resprve in case of need. If such fats are taken in smaller quantities 
they may, like carbohydrates, be oxidised to carbon dioxide and water. 

^ Acconling to Scurti and Toinina,si, Ann. Rcalc Stazione Chim.-Agrar. Sperim. di 
1910 (4), 26S, an ethereal extract of yomig, unripe olive fruits consists almost 
completely of an aloohol—“oleanol,” presence of which in the leave* of 

tho olive tree has been proved by Cunzoneri, as also by Power and Tulin), which is 
converted into oleio acid. Hence, the formation of glycerides in the mesocarp of the 
elite fruit would appear to take place on lines differing from the formation of oils and 
fats in oleaginous seeds. Similarly tho alcohol “Hgustrol” (In Lignstrwni vuhjare) 
•'is stateil to be converted into erucic acid (cp. Scurti and Kornami, Ann. Reale Stazione 
Ckim.-Agrar. Sperim. di Roma, 1911 (6), 103 ; 223 ; 1913 (6), 29 ; 39). 

^ With regard to the formation of saturated fatty acids from “phytol” (from 
chlorophyll) cp. Willstiidtcr, (Jheni. Xeit., 1911, 1342. 

* According to G. Embdon, E. Schmitz, and K. Baldes, JHockem, ZeiL, 1912 (45), 
174, glucose leads in the first instance to an optically active glycemldchytle, which is to 
some extent converted into glycerol, and thus constitutes the main source for the 
formation of glycerol in the animal organism.. This theory would assume that fat in the 
animal oi^anUnia is formed from its elements as it were, and not, os some investigators 
assume, that all the fat is supplied in the food. 
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It is quite admissible in the present state of our knowledge, to assume 
that the fats deposited in the body tissues are hydrolised in the process 
of digestion and are then transported separately in the form of fatty 
acids and glycerol through the membranes, to be synthesised again to 
fats. If this view be correct, then the problem of the formation of fats 
and oils is only shifted but not solved. 

To the analytical and technical chemist the study of the influence 
which soil, climate, etc., have on the composition of the individual 
vegetable oils and fats is, however, of considerable importance; in 
addition to these factors, the influence which the food, race, and age of 
the animal have on the composition of the animal oils and fats must be 
considered. These factors will be discussed in Vol. II. in the intro¬ 
duction to the section “ Animal Fats,” as also under the headings of the 
individual fats described there. In the organisms there occur a number 
of enzymes (diastase, lipase, etc.) which probably effect the synthesis 
of oils and fats by a series of reactions which follow somewhat rapidly 
one upon another. Hitherto very little is known with regard to these 
changes; they appear all the more compbcated as enzymic reactions 
seem to be reversible ones,^ and synthesis and hydrolysis appear to take 
place simultaneously or to follow each other, especially in the higher 
animal organisms, in a kind of rhythmic succession (cp. Chap. II.). In 
the present treatise the synthesis of fats by means of “ ferments ” is of 
much less importance than their hydrolysis by enzymatic processes, as 
only these have acquired technical importance. The hydrolysis based 
on enzymatic processes will be dealt with from the theoretical point of 
view in Chap. II. of this volume, and from the technical point of view in 
Vol. III. Chap. XV. 

The vegetable waxes occur as exudations on the leaves, stems, and 
fibres of plants. It is unknown how their formation takes place. The 
liquid waxes appear to be formed much in the same manner as the 
marine animal oils, and their chemical composition is influenced by the 
same factors which produce variations in the composition of animal oils 
and fats derived from different individuals of one and the same species. 
As regards its formation, spermaceti would seem to owe its origin to 
similar physiological causes. 

The insect waxes constitute mostly exudation products. In support 
of the view that they are formed from carbohydrates may be adduced 
the fact that beeswax is produced in much larger quantities than usual 
by the bees, if they are fed on dextrose, tevulose, and also cane-sugar. 

Under the term oils, tats, and waxes (liquid and soUd) are compris'ed 
in this work all those naturally formed substances which consist mostly •_ 
of glyoyl-, or other esters of the higher members of the several series of 
fatty (aliphatic) acids, with which in some cases notable amounts of the 
free fatty acids and the free alcohols themselves are admixed. 

In the present state of our knowledge, a strictly systematic classi- 

* Cp. A. S. Loevenhart, Amer. Journ. of Phyaiol., 1902, 331, aud below. Chap. II. 
Vol.'I. Cp. also Lowkowitech, “Les Corps gras (Industrie et Analyse) Conteence,” 
SociHi dimique dc France, 1909, xviii. 
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fioation of oils, fats, and waxes is not possible. In older text-books, 
various attempts have been made to establish several classes or groups, 
differing chiefly by some physical properties. Thus the consistence (see 
Chap. V.) has been made the basis of a classification into oils, butters, 
and solid fats, but such a principle of classification is inadmissible, as 
the consistence depends on the mean annual temperature; thus cocoa 
nut oil is a solid fat in a temperate climate, whereas, in its place of 
origin, it is of an oily consistence, as its name implies. It would be easy 
to multiply examples of this kind. Again, some authors have en¬ 
deavoured to differentiate the fats into several groups on the strength 
of some prominent chemical property of the fatty oils, such as their 
drying power; but here also the old adage “ natwra non facit saltus ” 
proves too strong for an artificial classification, inasmuch as there exist 
a number of fatty oils, occupying an intermediate position, so that they 
might bo classed under two or more heads. 

A classification of the vegetable oils and fats based on the plant 
families from which they are derived must be entirely out of the 
question. It is true, the oils derived from Cruciferw and Rosacem are 
nearly related to each other ; but on the other hand, the Euphorbiacece 
yield fatty products of such different characters as croton oil, castor 
oil, tung oil, curcas oil, and vegetable tallow; and the Sterculiacea 
contain such widely different fats as sterculia oil and cacao butter. 
The fact that the African palm tree yields in its fruit flesh and in the 
fruit kernel two entirely different fats, viz. palm oil and palm kernel oil 
(cp. also “ Aouara Oil,” Vol. II. Chap. XIV.), would seem to render 
hopeless any attempt to introduce a classification of this kind. The 
same would hold good of a similar classification of animal oils and fats. 
To give only one illustration, in the case of mammals the body fat is 
entirely different from the milk fat of the same animal. 

A rational classification must be founded on distinct physical, as well 
as chemical properties. Therefore, the attempt is made in this treatise 
to base the classification, as far as possible, on such physical and chemical 
differences as. can be readily ascertained by means of analytical 
operations. 

Such distinct chemical differences can be established between oils 
and fats on the one hand, and waxes on the other. 

Considered chemically, oils (fatty oils) and fata (solid fats) are the 
neutral glycerides of fatty acids, whereas waxes are esters formed by 
the union of fatty acids with alcohols not belonging to the glycerol 
serjes. It should be noted, however, that this chemical difference does 
not always find a ready expression in common parlance. Thus, e.g, 
Japan wax consists chiefly of glycerides, and would more properly be 
teamed Japan tallow. On the other hand, sperm oil must be classed, 
according to its chemical constitution, amongst the waxes. (It is 
desirable that the old misleading terms should be gradually deleted 
from chemical treatises.) 

The term wax is frequently used as a generic name for a number 
of solid hydrocarbons, i.e. mineral waxes. Since a full description of 
these does not fall within the purview of this work, they will only be 
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referred to in connection with the analysis of the fatty products with 
which they may be admixed (as in the manufacture of certain candles, 
polishes, and similar products). 

The most convenient classification of fatty oils and fats for practical 
purposes, appears to be given by arranging them according to the 
magnitude of the iodine value. This principle leads, without undue 
forcing, to a natural subdivision into liquid fats— oils —and solid fats— 
fats —the former being differentiated from the latter by their con¬ 
siderably higher iodine values. An arrangement based on the magnitude 
of the iodine value would include the older system of classification 
according to “ consistence.” Inasmuch as the magnitude of the iodine 
value stands in close relationship to the absorption of oxygen, which in 
the case of vegetable oils corresponds to their drying power, a classifica¬ 
tion on the basis of the iodine value would also include the older suh- 
divKsion into drying and non-drying oils. For these reasons the iodine 
value has been made one of the chief determinants in the order of 
enumeration of the natural products dealt with in Vol. II. of this work, 
and physiological relationship has only been used to a limited extent for 
grouping together, in subsections, such individuals as seem to possess 
a uniting bond in that physiological relationship. 

Recent researches have established the fact that all vegetable fatty 
oils and fats are characterised by the occurrence of a phytosterol 
(sitosterol and its congeners), whereas all fatty oils and fats of animal 
origin contain a zoosterol (true cholc.sterol and its congeners) as the 
corresponding alcohol. This important distinction naturally leads to a 
second guiding principle in the subdivision of the glycerides. 

Arranging, then, the fatty oils and solid fats according to these two 
principle.s, we obtain the following subdivision :— 

I. Liquid Fats ok Fatty Oils 
A. Vegetable oils. B. Animal oils. 

1. Drying oils. 1. Marine animal oils. 

2. Semi-drying oils. (a) Fish oils. 

3. Non-drying oils. (6) Liver oils. 

(c) Blubber oils. 

2. Terrestrial animal oils. 


11. Solid Fats 

A. Vegetable fats.^ B. Animal fats. 

1. Body fats. 

(a) Drying fats. 

((i) Semi-drying fats. . 
(c) Non-drying fats.^ 

2. Milk fats. 

In the classification of waxes we can, in our present state of knowledge, 
adopt the iodine value only as a basis for subdivision, as it is not yet 

* For further subdivision cp. Vol, II. “Vegetable Fats.” 

2 For further subdivision cp. Vol. II. “Animal Fats.” 
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possible to estabbsh a distinction, based on chemical properties, between 
vegetable and animal waxes. Although a phytosterol has been shown 
to occur in flax wax, and cholesterol (in association with isocholesterol) 
in wool wax, definite proof is still wanting that vegetable and animal 
waxes can be differentiated in a similar manner as in the case of vegetable 
and animal fats, by the presence or absence of these two alcohols. 
However, for the sake of uniformity, it may be convenient to carry 
through the subdivision on the same lines as have been adopted above 
for fatty oils and fats. We arrive, therefore, at the following classifica¬ 
tion :— 


I. Liquid Waxes. 


II. Solid Waxes. 

A. Vegetable waxes. 

B. Animal waxes. 


I. Fats (Liquid Fats oe Fattv Oils, and Solid Fats) 

1. Chemical Constitution of Fats—Preparation and Properties 
of Pure Glycerides 

Fats are the product of the combination of glycerol and fatty acids. 
Glycerol being a trihydiic alcohol, and consequently deporting itself 
like a trihydric base, is able to combine with three radicles of fatty 
acids, as is expressed by the following equation, in which R represents 
the acid radicle of any fatty acid :— 

O.H O.R 

C^HjO. H+3R. OH CjHjO. R+3HjO. 

O.H O.R. 

The resulting compounds arc called “ triglycerides ” or “ neutral 
glycyl esters,” and they may be compared to neutral salts; therefore 
the triglycerides are also called neutral fats, and the nomenclature used 
for salts has- been adopted for them by some authors. Thus we speak 
of glyceryl stearate or stearic glyceride, etc. This constitution of fats 
has been established by the classic researches of Chevreul {Recherches 
chimiques sur les corps gras d’orujine aninude, Paris, 1815-1823. Re¬ 
printed 1889), Berlhelst (cp. Chiniie organique fondee sur la synlhhe, 
Paris, 1860), and 'Wurtz. 

Adopting this constitution of neutral fats, theory predicts the 
possible existence of monoglycerides and diglycerides corresponding to 
the formulae 

O.R O.R 

CaHjO.HandCjHjO.R 
O.H O.H. 

Whilst Chevreul had compared the glycerides to compound ethers 
(esters), Berthelot amplified Chemul’s view by demonstrating that 
glycerol stood in the same relationship to ethyl alcohol as nitric acid 
does to orthophosphoric acid. Curiously enough, Berthelot compiled 
the monoglycerides, diglycerides, and triglycerides to ortho-, pyro-, and 
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metaphosphat«s, and it was WuHz who showed that this was incon¬ 
sistent with the facts discovered by Bertheht himself, and thus gave the 
final explanation which still holds good (cp. Wurtz, History of Chemical 
Theory, p. 139). 

In nature apparently only the triglycerides occur; the mono- 
glycerides and diglycerides are, as a rule, not met with in freshly prepared 
fats. True, Eeimer and Will ^ found in crude rape oil the diglyceride 
of erucic acid, C 3 H 5 (O.C 22 H 4 iO) 2 (OH), but this exception to the 
general rule is only an apparent one, as the rape oil in question had 
become hydrolysed with formation of free erucic acid, whilst dierucin 
separated as a solid mass (see p. 13). 


Monoglycerides 

Monoglycerides have the general formula CjHj.OR.lOHlj. 
According to the position which the fatty acid radicle occupies in the 
molecule, two isomeric monoglycerides can exist, as is explained by the 
following formula), in which R denotes the fatty acid radicle :— 

O.R (a) O.H (a) 

C,HsO.H(/j) C,H50.1M/i) 

O.H (7) O.H (7). 

It will, of course, be seen, that the (a) and (y) positions arc identical. 
Compounds corresponding to the first formula will be denoted as 
a-monoglycerides; they contain an asymmetric carbon atom, and may 
therefore represent racemic compounds. Monoglycerides corresponding 
to the second (symmetrical) formula would then appropriately be 
termed jS-monoglycerides. The melting points of the /8-raonoglyceride 
are higher than those of the a-isomerides.* 

Monoglycerides are obtained synthetically by the following general 
methods. Berthelofs * classic method consists in heating together fatty 
acids with an excess of glycerol in a sealed tube. Inasmuch as it is 
difficult to control the reaction in such a nianner that only a mono¬ 
glyceride (without any diglyceride) be formed, Roniburg,^ Qulh,^ and 
Kraffl ® mixed equivalent quantities of monochlorohydrin (or bromo- 
hydrin) with the finely powdered sodium salt of the fatty acid, and 
heated the mixture. The sodium chloride formed separates at the 
bottom of the vessel. The glyceride is then extracted with ether, and 
filtered over charcoal. 

Qriin ’ prefers to start (in the case of ;S-monolaurin) from the more 
readily obtainable a-y-dichlorohydrin (1,3 dichloropropanol - 2) which- 
can be converted quantitatively into a diohloro-ester (e.g. in the case 
of lauric acid into jS-lauro-a-y-dichlorohydrin). In order to replace the 
chlorine atoms by hydroxyl groups, the chloro-compounds are treated 

■ BerUMe, 1886, 3320 ; cp. also Vol. II. Chap. XIV. “ Rape Oil.” 

^ H. Weyraucli, Inaug. IMsaert., ZUrich, 1911, p. 17. 

*. Ohimie organique fondii aur la aynihiae, Paris, 1860, vol. ii. 

* Rec. d. trav. chim. Paya-Baa, 1882, 186. ^ ZcU.f. Biologic, 1903, 44, 78. 

« Berichte, 1903, 4343. ’ DerkhU, 1910, 1288. 
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with silver nitrite, whereby labile nitrites are formed having the formula 
CHj.O.NO-CH.OB-CHj.O.NO. These nitrites are hydrolysed 
by traces of acids or even by water, and thereby converted into the 
corresponding hydroxylated compounds, which are the desired j3-mono- 
glycerides. 

According to B. W. van Eldik Thiem^ the foregoing methods do 
not yield pure products. At any rate in the case of laurio acid he 
showed that the glycerides prepared by Oriin and his collaborators (see 
p. 76) represent mixtures of monoglycerides and diglycerides, inasmuch 
as by the action of the OH group of the chlorohydrins on the laurates 
free alkali is formed, whereby partial saponification of the halogeuated 
hydrins takes place. The difierent melting points recorded in the 
literature of this subject by the several investigators (see below) thus 
find a ready explanation. Van Eldik Thieme states, however, that 
pure monolaurins are obtained by using iodohydrins in Grin's silver 
nitrite method. 

The “ biochemical ” synthesis (of monoolein) by means of pancreas 
ferment (PoUevin^) has no practical importance, but it should be 
mentioned here, since the action of the ferment appears to exhibit the 
same catalytic nature® as the Twitchell reagent (Chap. II. p. 86) 
possesses. If th^ latter reagent be added to a mixture of glycerol and 
fatty acids, glycerol being in excess, and care bo taken to remove the 
water as it is formed, monoglycetides (together with diglycerides) are 
obtained.^ 

On boiling monoglycerides with acetic anhydride, a mixed triglyceride 
(see p. 30) of the formula 

O.R 


C,Hj0.CjH,0 

O.C-H.O 


is obtained. Similarly, on heating with benzoyl chloride (in the presence 
of caustic soda), a triglyceride of the formula 


O.R 

QHsO.CjHjO 

O.C,H.O 

con be prepared.® 

The following monoglycerides have been obtained hitherto 


(o) Monoglycerides of Saturated Fatty Adds 

a-Monofmnin, C 3 H^(O.CHO)(OH)(OH), is obtained by heating 
monochlorohydrin with sodium formate to 160° C. It is also formed 

* Jmm.f. prakt. Chem.^ 1912 (85), 284. 

^ Conipt.rend.f 1904 (138), 878. Cp. also o-monobutyrin (p. 8). 

, 3 Lewkowitsch, JaJirbuck der CheniUy 1907, xvii. 407. 

* Jmm, Amer. Ohem. Soc., 1907, 566. iVeuch patent 871,689 (1907). 

® Quonsell {Inauy. Dissert., Berlin, 1909, p. 18) states that the diglycerides of 
stearolic and behenolic aculs could not be converted into the mixed triglycerides by 
boiling with acetic anhydride ; the corresponding nionoglyccridcs assimilated one acetyl 
group only, formii^ rai.xed diglycerides, see p. 17. The same phenomenon was observed 
in the case of the monoglyceride of ricinstearolic acid, which assimilated (in addition to 
one acetyl group taken up by the OH group in the molecule of tiie ricinstearolic acid) 
one acetyl group only, thus leading to a mixed diglyceride, instead of the triglyceride 
that would be expected. 
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when oxalic acid is heated together with glycerol to 190° C. Mono- 
formin boils in vacuo at 166° C. 

a-Momcuxlin} C 3 H 5 ( 0 .C 2 H 30 )( 0 H)( 0 H), is obtained (together 
with diacetin and triacetin) on heating^ anhydrous glycerin with 
glacial acetic acid. It is a thick liquid, easily soluble in water and in 
alcohol, very sparingly soluble in ether, and almost insoluble in benzene. 
Monoacetin is very hygroscopic. Its specific gravity is 1'2212 at 15° C. 
(water at 16° C. = 1); it boils unchanged at 130°-132° C. under a pressure 
of 2-3 mm. At higher pressures it suffers decomposition. 

a-Monohutyrin,^ CjHjlO. C 4 H, 0 )( 0 H)( 0 H), was obtained by 
Hanriot by allowing lipase to act on a mixture of glycerin and butyric 
acid. It is also formed on heating together equivalent proportions of 
sodium butyrate and a-monochlorohydrin. It is an oily, colourless 
liquid of the specific gravity 1-008 at 17° C., boiling under the ordinary 
pressure at 269°-271° C., and under a pressure of 16 mm. at 160°-163° C. 
In the butyro-refractometer it indicates 26 “ degrees ” at 40° C. Mono- 
butyrin is less soluble in water than is monoacetin ; 8 volumes of mono- 
butyriu are miscible with 3 volumes of water ; with 6 or more volumes 
of water an emulsion is formed. 

Moiiovalerin, € 3115(0 . CjHjOXOHXOH), is obtained by heating 
valeric acid with glycerol to 200° C. It is an oily liquid of the specific 
gravity 1-000 at 16° C. One volume of monovalcrin forms a clear 
liquid with half a volume of water, but on adding another half volume 
or more of water, the monoglyceride is precipitated. 

a-Monolaurin, CjIIjlO . Ci 2 ll 230 )( 0 H)( 0 H), prepared by Kmffl,* 
from a-monochlorohydrin and potassium laurate, boils in vacuo at 
142° C. and melts at 59° C. 

The a-monolaurin obtained by Griin’s method from a-laurodi-chloro- 
hydrin melted at 52° C.^ B. W. van Eldik Thieme gives for a pure 
a-monolaurin the melting point 58-9° C. The a-monolaurin cannot be 
converted into its phenylurethane by means of phenylisocyanate 
(difference from ^-monolaurin, Griin ®). 

^-Monolaurin, € 3115 ( 01 !). (0 . CjjHjaO). (OH), obtained from 
)3-lauro-a-y-dichlorohydrin by means of silver nitrite, crystallises from 
ether, petroleum ether, and carbon bisulphide in white silky needles, 
conglutinating at 58° €. and melting at 61“ C. On prolonged keeping 
the melting point falls to 67-5° C. {Grin Van Eldik Thieme gives 
the melting point 60-5° C. 

a-Monomyristin, CjHjlO . CjjHj^OKOHKOH), prepared from a- 
monochlorohydrin and potassium myristate, boils in vacuo at 162° G., 
and melts at about 68 ° C. (Krafft *). 

^ Geitel, Journ.f. jrrakt. (Jhcvi., 1897 (fifi), 422, 425. 

^ The immeiliate formation of monoacetin in the preparation of pliistic masses from 
casein, glycerol, and acetic acid was observed by Gunlriis {CkcM. Zcit.y 1905, 533). 

■’* a-Monoisobiityrin boils at 284‘’-2b6'' C. under ordinary pre.ssuro ; at 158"-161° C. 
under 16 niia. pressure. In the biityro-rcfractoineter it indicate.^ 21‘2 “degrees” at 
40“ C. * (iriin and Skopnik, Jiaichfe, 1909, 3755. 

® Journ.f. prakl. Ckem,, 1912 (85), 292. 

® Griin and Hkopnik, Berichle, 1910, 1290. 

’ lUd., 1910, 1288. 

® Beridite, 1903, 4343 ; cp. also Griin and Schreyer, BericJite, 1912, 3424.' 
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^-Monomyristin, C3H5(0H)(0. CuHjjOKOH), obtained from jS- 
myristo-o-y-dichlorobydrin, melts at 69° C.; it is easily soluble in chloro¬ 
form, and ether, less readily soluble in alcohol, petroleum ether, and 
carbon bisulphide {Weyraitch *). 

a-Mcmopalmitin, C3H|;(0.Cj 8 H 3 jO)(OH)(OH), prepared by Kraffl^ 
from a-monochlorohydrin and potassium palmitate, melted at 72° C.® 
One hundred parts of absolute alcohol dissolve 6'306 parts at 22-5° C. 
The refraction in Zeiss’ butyro-refractometer was 25-3 “ degrees ” at 
75° C. 

C 3 H 5 ( 0 H)( 0 . Ci,H 320 ){ 0 H), obtained from 
palmito-a-y-dichlorohydrin, forms white crystalline leaflets, melting at 
74° C. After keeping for several months the melting point fell to 
69-5° C. (Qriin *). 

a-Monostearin, € 3115(0 . Oi 8 H 3 jO)(OH)(OH), obtained from a- 
monochlorohydrin and potassium stearate, melts at 73° C. {Gvth ); 
78° 0. (Krqfft), and crystallises in microscopic needles. It dissolves 
easily in either hot alcohol or hot ether, but only sparingly in cold ether. 
It distils unchanged in vacuo. The butyro-refractometer index is 
28-8 “ degrees ” at 75° C.** 

Monoarachin, € 3115(0 . C 23 H 330 )( 0 H)( 0 II), is nearly insoluble in 
cold ether. 

Mmiocerolin, €3115(0. C23n5jO)(OH)(OH), forms long, fine needles, 
melting at 78-8° €. (Marie).^ 

Monomelismi, € 3115(0 . C 33 H 530 )( 0 II)( 0 H), melts at 91-6°-92° C. 


(h) Monoglycerides of Vmalurated Fatty Acids 

a-Monoolein, €3115(0 . CjgH330)(0H)(0H), is a yellowish liquid of 
the specific gravity 0-947 at 21° C. (Berthelot), solidifying at 0 ° C. to a 
white mass ; on standing it solidifies slowly at the ordinary temperature 
(from 15° to 20° €.). Kniffl ^ obtained from a-monochlorohydrin and 
potassium oleate a monoolein melting at 35“ €., and decomposing on 
being distilled in vacuo. Its refraction in the butyro-refractometer is 
60-1 “ degrees ” at 40° €. The biochemical synthesis of monoolein by 
Pottevin has been already referred to (p. 7). Stereoisomerides of 
a-monoolein, such as a-monoelaidin and a-monoisoolein, have not yet 
been prepared. 

If the acid radicle contained in an unsaturated mouoglyceride were 
optically active {e.g. if derived from riciuoleic, chaulmoogric, or hydno- 
carpic acid), the monoglyceride would also exhibit optical activity. 
An a-monoglyceride containing such an optically active radicle would 
still represent a racemic compound. 

‘ Cp. also llericlUe, 1912, 3424. 

^ JiericlUe, 1903, 4343 ; cp. also Griin and Sclireyer, Berichie, 1912, 3424. 

^ The melting points 63" C. and 65" C. found hy Cluttemlcn and Smith (Atner. 
Ckein. Journ. (6), 225) for two monopalniitins undoubtedly refer to mixtures. 

* Berichte, 1910, 1288. 

® ji’Monostearin, C 5 H 5 (OH)(O.CjaH 3 BO)(OH), has not been identilietl with certainty 
(Griin and Theimer, Beri^.e^ 1907, 1792), although Weyraiich {lnau<j. Zurich, 

1911, p. 17) gives for this auhstance the melting point 80" C. 

® Ann. de Chini. et de Phys. 7, 202. 
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The following unsaturated monoglycerides have been prepared 
from fatty acids, not found hitherto in nature. 

a-Monoslearolin, CjHjlO. CuH 3 i 0 )( 0 H)( 0 H), synthesised from 
glycerol and stearolic acid {QuenseU ^), as also from a-monochlorohydrin 
and sodium stearolate, crystallises from alcohol in white leaflets, 
melting at 40'5° C., dissolves sparingly in cold alcohol, more readily in 
warm alcohol, and is easily soluble in chloroform, ether, benzene, and 
petroleum ether. The dicMoro-addition product, CjiHjjOjClj, is 
obtained as an oily product by allowing equal molecules of a-mono- 
stearolin and chlorine to react in a solution of chloroform. The 
dibromo-ttddilion product, CjjH^O^Brj, is obtained by allowing one 
molecule of bromine to act on one molecule of a-monostearolin in a 
solution of carbon bisulphide, using metallic iron or ferric chloride as 
a catalyst. The diiodo derivative, C 2 jH 3 g 04 l 2 , is obtained by allowing 
iodine to act on a-monostearolin in a solution of carbon bisulphide, 
in the presence of ferrous iodide and aluminium iodide (which act as 
catalysts). Even in the presence of the latter the complete absorption 
of one molecule of iodine requires four to five days, and takes place only 
on exposure to daylight. The crystals (from alcohol) melt at 33° C. 

The tetrabromo derivative, Ci8H3804Br4, is obtained with some 
difficulty by allowing two molecules of bromine (using an excess of 
10 per cent) to act on a-monostearolic acid for one week, the solution 
being exposed at the same time to daylight.^ 

a-Monoheherwlin, CsHjfO. CjjHjjOKOHKOH), obtained by heating 
a-monochlorohydrin with sodium behenolate to 160° C., crystallises 
from alcohol in white leaflets melting at 60-5° C. {QuenseU^). The 
dibronw derivative, C 25 H 4804 Br 2 , is obtained by allowing bromine to act 
on a-monobehenolin in a solution of carbon bisulphide, metallic iron 
being used as a catalyst. 

The diiodo derivative is obtained with great difficulty, the reaction 
becoming complete only after prolonged (over one week) exposure to 
sunlight. 


Diglycerides 

Diglyccrides have the general formula CsH^fOEljlGH). 
Theoretically, two isomeric diglycerides containing the same fatty 
add radicle can exist, as is indicated by the following two formulm, 
in which K denotes the fatty acid radicle:— 

O.R(a) O.R{a) 

C,H,O.H C,H50.R{/3) 

O.R(a) O.H. 

Diglyccrides of this composition may be termed “ simple diglyccrides,” 
The compounds conforming to the first formula will be denoted 
a-a- (or symmetric) glycerides; they are prepared from a-dichloro- 
hydrin and the salts of fatty acids. The compounds corresponding to 
the latter formula will be termed a-)3- (or unsymmetric) glycerides; 
• BericUe, 1909, 2441. 

^ The acetyl and benzoyl derivatives have been referred to in footnote, p. 7. 
i* Berichte, 1909, 2446. 
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they are prepared in a corresponding manner from ;8-dibromohydrin. 
a-/S-gIycerides contain an asymmetric carbon atom; hence the syn¬ 
thetically prepared a-j3-diglyceride8 are likely to represent racemic 
compounds.^ If one or both of the acid radicles were optically active 
(e.g. if derived from ricinoleic, chaulmoogric, or hydnocarpic acid), 
the diglyoerides would be optically active on that account alone. 

A differentiation between a-o- and a-)3-diglyceride8 might perhaps 
be based on their different behaviour to thionylchloride with which 
the a-)S-digIyceridea react very easily, to form hydrochloric esters of the 
diglyoerides (i.e. mixed triglycerides containing Cl in place of one OH 
group), whereas the a-a-diglycerides react very slowly and incompletely. 
The mixture of the corresponding mixed triglycerides can be readily 
separated by means of solvents (Corelli). 

If the two fatty add radicles are different, the existence of diglycerides 
having the following formulas is theoretically possible :— 

O.R.(a) O.R.(a) O.Rs(o) 

C,H 50 .H(^I) CaHjO.Rjt^)) CjH^O.R,)^)) 

O.R,0) 0.H{7) 0,H(7) 

These diglycerides may be termed “ mixed diglycerides.” As they 
all contain an asymmetric carbon atom they may represent racemic 
compounds. If one or both acid radicles be derived from optically 
active fatty acids, the diglycerides containing them will exhibit optical 
activity. 

Diglycerides are prepared synthetically by the same methods* 
which are employed in the preparation of monoglyccrides, with the 
obvious modifications that a larger proportion of fatty acids must be 
employed (in Berthelot’s and Twitchell’s methods), and that instead of 
monochlorohydrin (or monobromohydrin), diehlorohydrin (or dibromo- 
hydrin) must be used. Griin^ stated that by treating a solution of 
higher fatty acids in concentrated sulphuric acid (one part of fatty 
acids in 1’6 parts of sulphuric acid) with glyceroldisulphuric acid 
(see Chap. III. p. 255), at a temperature of TO” C. for three hours, 
diglycerides are formed exclusively (neither triglycerides nor mono- 
glycerides having been found in the product of the reaction). The 
lower the molecular weight of the fatty acid employed, the smaller 
was the yield of diglyceride. This is explained by Grin and Schacht * 
by their observation that the once formed diglycerides combined with 
free fatty acids to form an addition product. Thus, on allowing 
myristic acid to react with glyceroldisulphuric acid, the addition 
compound of the formula C 3 K 5 ( 0 H)( 0 C, 4 H 2 j 0)2 + 2 Ci 4 H 2 j 02 could 
be isolated. B. W. van Eldik Thierne^ disputed the correctness of 
Griin’s statement, and showed, in conformity with the theoretical 
postulate that mono-, di-, and tri-glycerides should be obtained, that 

^ Experiments made by Corelli to resolve the sulphuric ester of a*/3-<llglyceri<lo into 
optically active isomerides by means of their brucine salts did nut lead to positive results 
{Inaiig. Dissert, t Zurich, 1909). 

^ Cp. also German patent 189,839 (Ulzer, Batik, and Sommer). 

* limehte, 1905, 2284. * Ibid., 1907, 1778. 

® Procted, K. Akad. d. Wetemch., Amsterdam, 1908, 856. 
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triglycerides are indeed formed, and that subsequently, by the hydro¬ 
lysing action of water, both diglyceride and monoglyceride are obtained. 
It would thus appear that under the conditions which Griin and Schacht 
maintained during their experiments the sulphuric acid contained 
sufficient water to convert triglyceride into diglyceride. 

In a more recent publication B. W. van Eldik Ihieme ^ adduces 
further proof for the correctness of his views. It is therefore somewhat 
surprising that Griin and Corelli in subsequent public.ations persist 
in ignoring the serious objections raised by van Eldik Thieme. 

On heating diglycerides with acetic anhydride, “ mixed triglycer¬ 
ides ” of the formulte 

CjHdORKO.CjHjOKOR) and CjH.lO.RiXO.RdiO.CjHsO) 

are obtained. Corresponding “ mixed triglycerides ” are formed by 
heating diglycerides with benzoyl chloride. 


Simple Dlglyeerides 

(a) Dighjeerides of Sahirated Fatty Acids 

Diformin, CjHgfO. CIlOljlOII), is obtained as an intermediate 
product in the preparation of formic acid from oxalic acid and glycerol. 
On a commercial scale it is prepared by heating 10 parts of pure formic 
acid with 4 parts of 95 per cent glycerin to 140° C., when dilute formic 
acid distils over and diformin remains behind.® Sj)ecific gravity = 1-304 
at 15° C. Diformin boils under a pressure of 20-30 mm. at 16,3°-166° C. 

Diacetin, CsII^fO. CjIIgOljfOH), is formed, togetlier with mono- 
acetin and triacetin, on heating anhydrous glycerol with glacial acetic 
acid. It is also obtained by heating glyccroldisulphuric acid and 
glacial acetic acid for three hours to 70° C. (Custodis ^). Under 40 mm. 
pressure it boils at 175°-176° C. without undergoing decomposition. 
Its specific gravity is 1-1769-1-1788 at 15° C. (water at 15° = 1). It is 
easily soluble in water and in alcohol, le.ss readily so in ether, and with 
more difficulty still in benzene. Diacetin is a commercial product, 
and has been used latterly as an adulterant of cs.sential oils.® 

a-a-Dibutyrin,^ . C4H,0)(0II)(0. CJI,0), has a specific 

gravity of 1-083 at 17° C. (Berthelot). It boils under a pressure of 
19 mm. at 173°-176° C., and under atmospheric pressure at 279°-282° C. 
The refraction in the butyro-refractometer is 14 “ degrees ” at 40° C. 

a-^Mutyrinf CjHjlO. CiHjOXO . CjHjOKOH), boils under .a 

1 Jmirn./.prakt. Chan., 1912 (86), 284. 

* Zeits. f. angew. Chem., 1912, 065; 947. , 

^ S. von Kap/f, United Statu.s patent 901,298. 

* Jnaug. Jjissertalion, Ziirich, 1909. 

® Joum. fhc. Chevi. Ind., 1903, 570; cp. Vol. III. Cliap. XV. 

* tt-a-Diisobutyriu boils under ordinary pressure at 272^-276° C., under 22 iiiin. 
pressure at 164'’-107‘’ C. In the butyro-refractometer it in<licate.s 10’3 “degrees” at 
40° a 

’ a-/3-DiUobiityrin boils under ordinary pressure at 269°*272° C., under 20 mm. 
pressure at 159'’-162'’ C. In the butyro-refractometer it indicates 11*6 “degrees” at 
40* C. 
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pressure of 19 mm. at 166°-168° C., and under atmospheric pressure 
at 273°-275° C. Its refaction in the butyro-refractometer is 18 
“ degrees ” at 40° C. 

Divalerin, CsHjfO. C 5 HjO) 2 (OH), has the specific gravity 1-069 at 
16° C. 

a-a-DUaurin, CjHjfO. Ci 2 H 230 )( 0 H )(0 . CjjH^O), is obtained by 
the action of glyceroldisulphuric acid on lauric acid (yield 35 per cent) 
as also from a-a-dichlorohydrin and potassium laurate (yield 81 per 
cent). The product prepared by the first method is liquid, and gives 
only with difficulty a small quantity of crystals melting after recrystal¬ 
lisation at 57° C., whereas the a-o-dilaurin obtained by the second 
method yields more readily crystals melting at 65° C.^ (cp. below, 
“ Double Melting Point,” p. 21). 

B. W. van Eldih Thieme {Journ. f. prakt. Chein., 1912 (85), 295), 
however, found that in this reaction a-/S-dilaurin, trilaurin, and moat 
likely a little o-a-dilaurin are formed. The true a-a-dilaurin is a liquid. 

By varying the temperature at which potassium laurate and 
a-a-dichlorohydrin are allowed to act on each other, the yield of solid 
a-a-dilaurin varies; thus, the higher the temperature tlie greater is 
the proportion of liquid a-a-dilaurin. The solid a-a-dilaurin is separated 
from the liquid a-a-dilaurin by admixing with the crude product of the 
reaction some alcohol and filtering in the cold on a vacuum filter, 
whereby the bulk of the liejuid together with small quantities of solid 
a-a-dilaurin pa.s3 through the filtering medium. Heating to 160° C. 
did not convert the solid a-a-dilaurin into the liquid modification. 

The solid a-a-dilaurin does not form an addition compound with 
lauric acid (see a-a-dimyristin). The crystals which separate from the 
liquid a-a-dilaurin (obtained from glyceroldisulphuric acid and lauric 
acid) melt at 40° C., whereas the solid a-a-dilaurin obtained from 
potassium laurate and a-a-dichlorohydrin melt at 67° C. After standing 
for several months, both solid modifications of a-a-dilaurin melt at 
45° C., and even a mixture of the two solid a-a-dilaurins melts at the 
same temperature of 45° C. 

The liquid dilaurin could not be converted into a solid modification 
by heating to 150° C. for three hours; in contradistinction to the 
behaviour of the solid a-a-dilaurin, hydrolysis of the diglyceride took 
place to a considerable extent. 

The liquid a-a-dilaurin yields in the molecular weight-determination 
by the cryoscopic method (in benacne) only half the theoretical value, 
a phenomenon which has hitherto not found an explanation (cp. 
trilaurin, p. 26). Both solid a-a-dilaurins give, when examined by the 
same method, values which are very little higher than those demanded 
by theory (dilaurin of melting point 40° C. gave 517-4; a-a-dilaurin 
of melting point 57° C. gave 611-3 ; theory : 456-42) {Custodis}. 

a-a-dilaurin is soluble in alcohol, ether, and chloroform. 

a-^-Dilaurin, CgH^fO . CijH^OjfO . CijHjjOifOH), is prepared by 
heating a-)3-dibromohydrin with potassium laurate (Reinhardt ^). 

> Qrtta and Schaclit, Bericktt, 1907, 1788. Custodis, Inmg. Diasert., Zurich, 1909. 

® Inaug. Diasert., Zitricb, 1909. 
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It crystallises from its hot petroleum ether solution (after adding cold 
petroleum ether) in crystals, softening at 60° C. and melting at 66 ° C., 
56-3° C. (van Eldik Thieme). This dilaurin is soluble in 95 per cent 
alcohol, but insoluble in 60 per cent alcohol even on warming. 

a-a-Dimifristm, CjHsCO. Ci 4 H 2 , 0 )( 0 H )(0 . CnHjjO), is obtained 
from glyceroldisxUphuric * acid and myristio acid; the yield is only 
40 to 46 per cent; the main product is an addition compound of the 
formula 03115 ( 0 . Ci 4 H 2 , 0 ) 2 ( 0 H) + 2 C 14 H 28 O 2 forming small white crystals 
melting at 63'5° C. (from alcohol or ether) or 65° C. (from amyl alcohol). 
This a-a-dimyristin forms white crystals sparingly soluble in petroleum 
ether, melting at 63° C. (from alcohol or ether), 65° C. (from amyl 
alcohol). After prolonged keeping the melting point drops to 62-6° C. 

The a-o-dimyristin obtained from a-a-dichlorohydrin and potassium 
myristate forms white crystals, melting at 55° C. and 61° 0. and after 
solidi 6 cation at 61° C. After keeping for several months, the crystals 
melt at 69° C., and show the same melting point even after solidi¬ 
fication.^ 

a-^-Dimynslin^ CgHsiO . Ci 4 H 2 , 0)(0 . Ci 4 H 2 , 0 )( 0 H), prepared 
from a-chlorodimyristin by heating with silver nitrite and saponifying 
the nitrous ester, melts at 64-6° C., and exhibits the same melting point 
after solidification. After several months’ keeping it melted at 62-5° C., 
and then shortly after solidification at 50° C., and after a further twenty- 
four hours at 60° C. 

a-a-Dipalmitin, CjHjfO. Ci 3 H 340 )( 0 H )(0 . C,jH 3 , 0 ). The dipal- 
mitin of the melting point 59° C., obtained by Berthelot on heating 
glycerol and palmitic acid, as also the dipalmitin of the melting point 
61° C., prepared by Chittenden and Smith, are most likely identical with 
the product obtained by Guth on heating two molecules of sodium 
palmitate with one molecule of a-o-dichlorohydrin. Provided no 
molecular rearrangement takes place on heating, the constitution of 
this compound must be that of an a-a-diglyceridc. This view is con¬ 
firmed by Gran’s * synthesis of the same diglyceride from palmitic acid 
and glyceroldisulphuric acid. It molts at 69° C. (Guth), 70° C. (Griin ); 
on keeping for a prolonged time the melting point rises to 73°-74° C. 
(Corelli *). In the butyro-refractometer it indicates 23-8 “ degrees ” 
at 75 C. 

a-P-Dipalmitin, 03115(0 . Ci 8 H 3 j 0)(0 . CisHjiOKOH), obtained from 
sodium palmitate and a-)3-dibromohydrin, melts at 67° C. (Guth) ; in 
the butyro-refractometer it indicates 21-8 “ degrees ” at 76° C. 

a-a-Distearin, 03115(0 . Ci8H^O)(OH)(0 . CisHjjO). The produqt 
obtained by Berthelot (1) on heating 1 part of a-monostearin with 3 parts 
of stearic acid to 260° 0 . for three hours ; ( 2 ) on heating stearin with 
an excess of glycerol to 220° 0. for twenty-two hours; (3) on heating 
equal parts of glycerol and stearic acid to 160° 0 . for fourteen hours 
(yielding a product of melting point 68 ° C.), as also the distearin of the 

* Griin and Scliacht, Berickte, 1907, 1786. 

. * Giiiu and Theiiner, lierichte, 1907, 1797. 

3 JJerichte, 1905, 228.6 ; cp., however, van Kldik Thieme’s strictures, p. 76. 

* Inaug. Dissert., Zurich, 1909. 



I 


SIMPLE DIGLYCERIDES 


16 


melting point 76-6° C. obtained by Hundeshagen,^ is very likely the 
a-o-compound. Guth synthesised this a-a-distearin by heating one 
molecule of a-o-diohlorohydrin with two molecules of sodium stearate 
in a sealed tube to 140°-150° C. for six to eight hours. This distearin 
crystallises from petroleum ether in rhombic plates, melting at 72-6° C. 
In the butyro-refraotometer it indicates 25'3 “ degrees ” at 75° C. 
Bimer ^ in a more recent preparation of this glyceride, following Outh’s 
method, found that considerable amounts of tristearin are formed 
simultaneously, and that consequently the statements of previous 
observers refer to an impure product. Bimer finds that a carefully 
prepared specimen of a-a-distearin, freed from tristearin, melts at 
76-6° C. 

The o-a-distearin obtained from stearic acid and glyceroldisulphuric 
acid (yield 76 per cent; Griin conglutinates at 68 ° C., and melts at 
76° C.; after several months it melted at 74-5° C. (Griin and ScliacU *). 

a-^-Distearin, 03115(0 . CjgHjjOliO. CjgHjjOKOH), is obtained 
from one molecule of a-)3-dibromohydrin and two molecules of sodium 
stearate. It crystallises from petroleum ether in prismatic plates, 
melting at 74-5° C. The melting point of a-/3-distearin obtained from 
a-chloro-glyccroldisulphuric acid and silver nitrite is 78-2° C., and after 
several days’ standing 77-5° C. (Griin and Theimer ®). In the butyrp- 
refractometer it shows 26 “ degrees ” at 75° 0. 

a-a-Diarackin, CgHgiO. C 2 gH^ 0 )( 0 H )(0 . CggHggO), melts at 76° C. 
(Berlhelot ; Griin) ; it is almost insoluble in cold ether, but very readily 
soluble in carbon bisulphide. 

Dicerotin, CjHgiO. C 2 gH 5 iO) 2 (OH), melts at 79-5° C.; it is almost 
insoluble in boiling alcohol. 

Dimontanin, 03115 ( 0 . 029115 , 0 ) 2 ( 011 ), is stated to be obtained by 
heating refined montan wax with glycerin,® and is said to melt at 
80°-81° C. 

Dimelissin, 03115(0 . 03911590 ) 2 ( 011 ), melts at 90° C. 


(h) Diglycerides of Vnsaturated Fatty Acids 

a-a-Diolein, CgHglO. CjgH^OKOHKO. CjgHgjO). The product 
obtained by Berlhelot on heating 1 part of a-monoolein with 6 parts 
of oleic acid to 260° 0 . for several hours, or on heating olein with glycerol 
to 200° 0. for twenty-two hours, is most likely the a-o-compound. The 
true a-a-diolein was prepared by GhilAfroma-a-dichlorohydrin and sodium 
oleate. a-a-diolein differs very little in its physical properties from 
a-monoolein. Like the latter, it solidifies at 0° 0. to a white mass, 
w^ich is converted into a translucent mass containing white granular 
particles, on standing a few days at the ordinary temperature. In the 
butyro-refractometer it indicates 68-8 “ degrees ” at 40° C. 

^ Joum, f. prakt. Ckem. 28, 227. 

* Zeita.f. Untera. d, Nahrgs' «. Oenusm., 1913, xxv. 864. - 
» Berickie, 1906, 2284. * mi, 1907, 1781. 

^ ihid,, 1907, 1793 ; cp. also ReinlmnU. 

^ Erast Schliemann’s JEffpori-Oermn Fabrik. German patent 244,786. 
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a-^-molein, C3H5(0.0^0X0. CigH330)(0H), prepared from 
a-jS-dibromohydrin and sodium oleate, resembles the o-a-compound m 
colour, smell, and taste. It also solidifies at 0 “ C., but differs from the 
a-a-compound in that it remains liquid at the ordinary temperature, 
even if allowed to stand for several weeks. In the butyro-refractometer 
it indicates 56-3 “ degrees ” at 40 “ C. 

Stereoisomerides of diolein have not been prepared hitherto. 
Dierucin, CaHjCO. CjaH^OjalOH), melts at 47 “ C. It is almost 
insoluble in ether and in petroleum ether. Its occurrence in old rape 
oil has been pointed out above (p. 6). 

Dibrassidin, C3H5(0. CaaHiiOljlOH), melts at 67 “ C.; it dissolves 
with difficulty in ether. 

a-a-Dilinolin, C3H5(0 . CijHjiOllOHXO. C18H31O), prepared from 
a-a-dichlorohydrin and potassium linolate, is a yellow oil of neutral 
reaction. Its derivative 03113(0 . CjgIl3^Br40X0H){0 . C^gHg^Br^O), 
prepared from dichlorohydrin and potassium tetrabromostearatc (from 
linolic tetrabromidc), melts at 7 r- 72 “ 0 ., is ca.sily soluble in ether, and 
more easily soluble in alcohol than a-a-dilinoliu (//. Schoenfeld ^). 

The following unsaturated diglycerides have been prepared from 
fatty acids, not found hitherto in nature :— 

a-a-DistearoUn, CallslO . CigHajOXOIIXO. CigHjiO), prepared by 
heating a-a-dichlorohydrin with sodium stearolate at 180 “ 0., crystallises 
from low boiling petroleum ether in white leaflets, melting at . 38 “ C., 
and from alcohol in needles melting at 38 - 5 “ C. It is sparingly soluble 
in cold, somewhat more readily soluble in boiling alcohol, and dissolves 
readily in ether, benzene, petroleum ether, and chloroform {Quensell ^). 

a-p-Dislearolin, CgHglO . CijHaiOXO . CigHgiOXOH), prepared^by 
heating a-;8-dibromohydrinwith an excess of sodium stearolate tol 76 °C., 
melts at 40 “ C. {Quensell^). On heating with acetic anhydride and 
sodiumacetate no assimilation of an acetyl group took place (see footnote 
p. 7 ). 

a-a-DMiemlin, €3115(0. C22H390X0H)(0 . C^O), is formed on 
heating a-a-dichlorohydrin with sodium behenolate to 170 “ C. The 
cry.stals, obtained from petroleum ether, melt at 42 “ C. ; those obtained 
from alcohol melt at 43 “ C. {Quensell ^). 

The telracUoro derivalke, C^HglO . C22H3jCl20)2(0H), is obtained by 
theaction of chlorineon a solution of a-a-dibehenolin in carbon bisulphide 
(Quensell^). , . , . , 

The tetraiodo derivalive, is obtained with 

the aid of a catalyst (mercury bichloride) from a-a-dibehenolin and 
iodine in a solution of carbon bisulphide. 

a-P-Dibehenolin, C3H5(0 . CjgHgjOXO . CjaHjgOXOH), is prepared 
from a-;8-dibromohydrin and sodium behenolate at 180 “ C. The crystals, 
obtained from alcohol, melt at 43 “ C. (QtienscU^). On heating with 
acetic anhydride and sodium acetate no assimilation of an acetyl group 
took place (see footnote, p. 7 ). 


^ Inaug, DmerL, Zurich, 1&12. 


- Berickte, 1909, 2443. 



Mixed Digrlycerides 

(a) Diglycerides of Saturated Acids 

(1) a-a Compounds 

a-Lauro-a-myristin, €3115(0.C22H250)(0H)(0.Cj4H2,0), obtained 
by heating o-lauro-a-monochlorohydrin with potassium myristate to 
140 ° C.,* crystallises (from dilute petroleum ether and common ether, 
cooled below 0 ° C.) in shining white crystals, melting at 40 °- 42 ° C. 
The solidified mass melts again at 34 °- 35 ° C. 

a-Lauro-a-stearin, €3115(0 . €j2H230)(0H)(0. OijHjjO), obtained by 
heating a-chloro-y-monostearin (or a-stearo-a-monochlorohydrin) with 
potassium laurate to 120° C.,^ crystallises from a cooled mixture of 
ether and petroleum ether in granular crystals, melting at 52 °- 53 ° €. 
After solidification the mass melts at 45 ° €. 

a-Stearo-a-myristin, €3115(0. €43H350)(0H)(0 . C14H27O), obtained 
by heating a-stearo-a-monochloro^drin witli potassium myristate,^ 
crystallises (from a mixture of ether and petroleum ether) in crystals, 
softening at 47 ° C., and melting at 52 °- 53 ° C. The solidified mass melts 
at 44 ° C. 

(2) a-ji Compound 

a-Myristo-^-stearin, 03115(0 . Ci4H270)(0. CjgHagOlfOII), obtained 
by heating a-mj-risto-a-monochlorohydrin with stearyl chloride and 
treating the myristo-stearo-chlorohydrin with silver nitrite, etc., melts at 
58 ° C. {Griin and Scdireyer^). 

(6) Diglycerides of Unsaturated Acids 

a-Aeetyl-y-stearolin, 031^5(0. C2H30)(0H)(0. CigHgjO), obtained 
on boiling a-monostearolin with acetic anhydride and sodium acetate, 
forms a viscous oil which solidifies in a freezing mixture. It is note¬ 
worthy that a second acetyl group is not assimilated (Qti^nsell^). 

a - Acetyl - y - acetylricinsUiarolin, 03115(0 . C2H30)(0H)(O. CA 
[0 . €31130]), is obtained by boiling c-monoricinstearoUn (prepared from 
sodium ricinstearolate and a-monochlorohydrin) with acetic anhydride. 
One acetyl group is assimilated by the (OH) group in the ricinstearolio 
acid radicle, and a second acetyl group by one of the hydroxyl groups 
of the monoglyceride. A furiher assimilation of an acetyl group with 
the formation of a triglyceride could not be effected. 

Triglycerides 

Theory predicts the existence of two classes of triglycerides, according 
to whether all three fatty acid radicles in the molecule have the same 
or a different composition. The former may be termed simple tri¬ 
glycerides, whereas the latter are suitably denominated mixed triglycerides. 

‘ Griin and Skopnik, Berichte, 1909, 3757. 

“ Berkhle, 1912, 3420. 

^ Inaug, Dissert,, Berlin, 1909. 

VOL. I U 
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In the former class only one representative can exist for each fatty acid, 
namely, 

O.R 

C,H,O.E 

O.R, 

whereas in the second class two isomeric triglycerides may be expected 
if they contain two different fatty acid radicles, and three isomcrides 
in the case of all three fatty acid radicles being different. This is ex¬ 
plained by the following formulae :— 

(I) (2) (3) (4) (6) 

O.R, (a) O.R, (a) O.R, (a) O.R, (a) O.R, (a) 

CjH.O.R, ((S) C,H,O.R,(j3) C,H,O.R,(/3) C,H,O.R, (W 

O.R, ( 7 ) O.R. (7) O.R, ( 7 ) O.R, (7) O.R, ( 7 ) 

It will be seen that in triglycerides represented by formula (1) the 
a and y-positions are identical; glycerides of this constitution might 
be termed “ symmetrical mixed triglycerides,” whereas triglycerides 
represented by formula (2), in which the (8 and y positions are different, 
would consequently be termed “ unsymmetrical mixed triglycerides.” 
The same term might also be applied to the mixed triglycerides repre¬ 
sented by formulae (3), (4), and (5). 

The number of simple triglycerides is limited by the number of fatty 
acids (and their isomerides) which occur in nature. Infinitely larger 
is, however, the number of possible “ mixed glycerides.” Bertheht} 
as also KaUukow,^ have given formulae for calculating the possible 
number mathematically. No useful purpose would be served here by 
reproducing these formulae, all the less so because the numbers thus 
calculated must be increased very considerably by taking into account 
the variations introduced by the existence of stereo-isomeric compounds 
— e.g., from elaidic and brassidic acids—and by the possible existence of 
optically active compounds, obtainable by the resolution of racemic 
compounds, as repre.sented by the last four formulae, into optically 
active antipodes, and furthermore by those optically active mixed 
glycerides which owe their optical activity to the asymmetric con¬ 
figuration of the optically active fatty acid radicles themselves. 

Until recently most of the natural fats were considered to consist 
of mixtures of simple triglycerides of the several fatty acids, although 
Berthelot ® had already pointed out that the complexity of the natural 
oils andfats might be best explained by the existence of mixed glycerides. 
In favour of the former assumption it was mainteined that on cooling 
liquid fats, tripalmitin and tristearin separated out either in their-pure 
state or as a mixture. The theoretical postulate, that there should 
exist mixed glycerides, had up to recently obtained but very slender 
support from the experiments of Bell and Lewin (see Vol. II. Chap. XIV. 
“ Butter Fat ”), which led Bell to the conjectural statement that in 
cow butter probably oleopalmito-butyrate, of the formula 
C,H.(0.C„H„0)(0.C,.H„0)(0.C.H,0), 


‘ CMmie organique/ond4e sw la sgnthise, 1860, vol. ii. p. 33, 

* Chem. Centra^., 1888, i. 73, * Chimie organiqut^ etc., 1860, vol. ii. p. 31. 
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occurred. Since Heise ^ discovered oleodistearin in mMnyi fat and in 
kokum butter, other experimenters have isolated from natural fats a 
considerable number of mixed triglycerides (see p. 31). 

The preparation of pure triglycerides from natural products is a 
very laborious task, and has not always been accomplished satisfactorily, 
owing to the great difficulty of separating the various triglycerides. 
Thus Duffy,^ on recrystallising 2000 grms. of mutton tallow from large 
quantities of ether, obtained, after thirty-two successive crystallisations, 
no more than 8 grms. of substance, which even then could not be con¬ 
sidered to be pure tristcarin. Again Krafft ® showed that whilst in a 
perfect vacuum trilaurin and trimyristin could be obtained (by fractional 
distillation) from laurel oil and nutmeg butter respectively, in such a 
state of purity that after one crystallisation glycerides of normal melting 
points are obtained, higher triglycerides underwent decomposition, so 
that, e.g., pure tripalmitin could not be prepared from Japan wax by 
this method. A more satisfactory, though still extremely laborious, 
method is afforded by a systematic crystallisation of tallow * from ether, 
followed by reerystallisation from benzene (cp. Chap. XII.), Hence, 
for the preparation of pure triglycerides in large quantities synthetical 
methods must be employed. 

Pure triglycerides were first obtained by Berthelol^ on heating 
glycerol with fatty acids. As has been explained already, mono¬ 
glycerides and diglycerides are formed simultaneously. In order to 
. exclude the formation of these lower glycerides, and with a view to 
obtaining complete esterification by removing the water as it was 
formed, Scheij ® heated glycerol with an excess of fatty acid in a slow 
current of air. In the case of the triglycerides of the fatty acids of low 
molecular weights, i.e. up to acids having ten carbon atoms in their 
molecule, a small quantity of fatty acids distils over simultaneously 
with the water, and it is therefore necessary to add, from time to time, 
a fresh quantity of the fatty acid. In the case of the fatty acids of higher 
molecular weight, the reaction is complete when water ceases to be 
evolved. The reaction can be accelerated by adding a small quantity 
of TmichelVs reagent (see Chap. II.). 

The pure glycerides may also be prepared by heating together the 
sodium (or silver) salts of the fatty acids with tribromohydrin {Gulh ; 
Parlheil and v. YeUen ’). 

The property of exhibiting a so-called double melting point has 
been looked upon as ch«acteristic of pure triglycerides (as also of the 
natural fats which constitute mixtures thereof). A number of observers 
(amongst whom should be mentioned Chevreul) stated that the tri- 
glyceri4es melt at a certain degree of temperature, then solidify at a 
higher degree, to melt again on further heating. This curious behaviour 
was explained by Duffy, and after him by Heintz, by the assumption 

* ArbeiUnamd. Kaiserl, Oesumlheitmmle, 1896, xii. 640 ; xiii. 302. 

^ Joum. Chan. Soe., 1862 (6), 199 ; cp. Heintz, Journ.f. prakt, Chem., 1855 (66), 
49. • SeridUe, 1903, 4343. 

^ Bomer, ZeUn,/, Unitrt. d. Nedirga. u. Oennssm., 1907, xiv, 91; also of laril, ibid., 
1913. “ .4«ft. de Chim. et de Vhya., 1854 [3], 41, 420. 

“ Rec. d, irav, chim. Pays-Baa, 18, 169, ^ Archie d. Phdrm., 1900 [238], 267. 
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that the triglycerides exist in two modifications. In the case of 
tristearin, for which the two melting points 65° C. and 71° C. had been 
observed, Guth * showed later on that well-crystallised tristearin has 
oidy one melting point, viz. 71-5° C., and he further pointed out that 
it exhibits the same melting point even after it has been melted, provided 
it be kept in the capillary tube for some time after melting. If, however, 
the tristearin was examined shortly after having been melted in the 
capillary or if it was introduced into the capillary in a liijuid state and 
was then cooled rapidly, it exhibited two melting points. Gulh further 
ascertained that at the lower temperature the substance would only 
melt completely when the capillary tube was very narrow, and the 
quantity of the substance very small; on examining a somewhat larger 
quantity of tristearin in a comparatively wide capillary tube, complete 
melting did not occur at the lower temperature, the mass becoming 
only soft and translucent; it then solidified again and finally melted 
at 71'5° C. to a clear Uquid. The different behaviour of the crystalline 
tristearin on the one hand, and of the once fused tristearin on the other, 
was explained by Gulh by the suggestion that the molted (at 55° C.) 
and rapidly solidified substance had not yet passed into the crystalline 
state, and behaved in a manner similar to that of under-cooled water 
(which has remained liquid below 0° C.) or a super-saturated solution 
of sodium sulphate. If the substance be then shaken or disturbed on 
raising the temperature, it solidifies again to its original state, the latent 
heat thus set free sufficing to melt the whole mass, if the quantity be 
small. If, however, the quantity of substance be large, the heat set 
free cannot effect complete melting, since the surrounding water still 
absorbs the liberated heat. Guth further showed that crystallised 
tripalmitin, as also stearodipalmitin and palmitodistearin, have one 
melting point only, but under conditions similar to those stated above 
for tristearin, they exhibited two melting points^ (cp. below). 

Griln aud Hchacht,^ as also Bonier,'^ showed, however, independently 
of each other, that Guth's deductions are open to objections, and that 
the earlier views of Duffy and Ueinlz must be reinstated. Grun and 
Sohacht state that the phenomenon of the double melting point must 
be ascribed to the actual existence of two ifiomeric modifications. 
They prepared three mixed glycerides, which were obtained both in 
an unstable (“ labile ”), lower melting modification, and in a stable 
(“stabile”), higher melting modification. The unstable form could 
be gradually converted into the stable form by inoculating the former 
with a crystal of the stable modification ; it was not, however, possible 
to effect the reverse change. Nor was it found possible to decide 
whether the difference between unstable and stable forms may.be due 
to polymerisation, as the determinations of the molecular weight by 
means of the freezing and boiling point methods did not furnish decisive 
results. [The actual occurrence of two modifications was still more 

^ Zeits. f. Biologie, 44, 78 ; cp. yixnwrmX, ZeitH. /. analyl. Qliew,., 1868 (vii.), 269, and 
A. Smits and S. C. Bokhorst, /Voc. k, Acad, v, H'efensch., Amstenlain, 1912 (15), 681. 

^ Kreis and Hafner confirmed Guth’s observations {Berickte, 1893, 1126). 

5 BerichtCi 1907, 1778 ; cp. Griin, Ikrichte, 1912, 3692. 

* Zeite.f. Vnters, d.Nahrgs- u. WanMawn., 1907, xiv. 97 ; 1909, xvii. 862. 
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strikingly demonstrated in the case of a-a-dilaurin (see p. 13) and 
o-)3-y-laurodirayri3tin. Curiously enough, the liquid modification of 
a-a-dilaurin gave only half the theoretical value in the cryoscopic 
method of determining its molecular weight, a phenomenon which 
was also observed in the case of liquid trilaurin (Oustodis'^).] 
Bomer^ studied carefully the transformation of the unstable form of 
glycerides (especially of tristearin) into the stable form, and indicated 
explicitly the conditions under which the so-called “ first melting 
point ” can be observed. (Bmner proposes to term the first melting 
point “ transition point.”) The stable form is that crystalline form 
in which glycerides are obtained from solutions. In the case of pure 
glycerides the “ transition point” is almost identical with the solidifying- 
point of the “ crystallised form ”; in the case of impure glycerides 
the “ transition point ” is lower. This can be verified experimentally 
by causing the labile form, obtained by rapid cooling of the solidified 
substance, to pa.ss again into the stable form.® This is done by warming 
the substance about .5° C. above the “ transition point ” and allowing 
the temperature to fall again within 5 to 10 minutes to the transition 
point (cp. Chap. XII.). In some cases, however (mutton tallow), 
the time of heating must be prolonged. Bikner considers that the 
melting point of glycerides which have been obtained from solutions 
in the crystalline form should be looked upon as the true melting point. 
(Pure glycerides have one and the same melting point whether they be 
obtained in the crystalline form from a solution or from the solidified, 
once melted crystals.) Guth’s ob.servations on tristearin are therefore 
readily explained by the fact that the tristearin examined by him was 
obtained in the crystalline state from a solution. 

In further confirmation it may be mentioned that well-crystallised 
brassidin shows one melting point only, even after it has been heated 
to about 40° C. above its melting point. 

In the light of Jaajer’s* views, the unstable modification may be 
looked upon as a case of an anisotropic liquid phase, such as was observed 
in the case of phytosteryl-n-valerate.® The case of a-a-dilaurin occurring 
in a liquid modification which is gradually converted into one of the 
two solid modifications of a-a-dilaurin {Custedis ®) would seem to confirm 
this. There are, however, some different modifications of glycerides 
known, the existence of which cannot be explained satisfactorily as yet. 
Such modifications are those of jS-lauro-a-y-distearin, jS-myristo-a-y- 
distearin, jS-myristo-a-y-dilaurin, and trinitroglycerin. 

The above described phenomena are in conflict with the physical 

^ hiaug. Dissert., Zurich, lllOy. 

2 /cits./, aiders, il. Nahrgs. ?(.. Oeumsm., 1907, xiv. 97 ; 1909, xvii. 362. 

" Tlie transition jioint is therefore that temperature at which the labile form passes 
into the stable form. Nitroglycerin also appears to occur in an unstable ami a stable 
form (see Chap. 111.). 

Rec. d. trao. ckiin. Pays-Ilas, 1906 [25], 346. 

Op. also Kubvenagcl’s [Berichte, 1907, 515) “inotoisomerism,” and the curious 
phenomena observed in the civse of alio- and iso-cinnaniic acids (Biilmaun, Berichte, 1909, 
182, and Liebermann, ilnd., 1909, 1028). Cp. also Griin, Berichte, 1912, 3692. 

® Inatig. Dissert., Zurich, 1909 ; GrUn, Berichte, 1912, 3692. 
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law that melting and solidifying are reciprocal, reversible phenomena 
which take place at exactly the same temperature. This induced 
H. Le Chatdier and MUe Cavaigmw ^ to study carefully the phenomenon 
of the so-called double melting point in the case of refined cocoa nut oil 
and stearin; they conclude from their experiments that the fats do 
not occupy an exceptional position, and that the above physical law 
also holds good for them ; in other words, that in the case of fats also, 
melting and solidifying is a reversible process. The fats behave in a 
peculiar manner only in that respect that the velocity of the change is 
extremely slow. If the observation of melting and solidifying points 
be carried out with sufficient slowness, the reversible process takes 
place within 0-1 to 0-2 of a degree. If, however, it is done rapidly, 
greater variations occur. (Such greater rapidity is, of cour.sc, the 
usual feature of the laboratory process of determining the melting point 
of fats.) No fact was observed which leads to the assumption of the 
existence of several polymorphic varieties, although the possibility oj 
their e.xistence cannot be excluded. In that case, however, the problem 
would become much more complicated, as the number of phases in¬ 
creases, and no definite temperature can be found before all solid 
phases less one, have disappeared. The time nece.s.sary therefor must 
be very long, judging from the slowness of crystallisation of one single 
solid phase. {H. Le Cluitelier and MUe Camignac compare the slowness 
of the crystallisation of fats with that of the devitrification of glass.) 
The ordinary methods of observation of melting and solidifying points 
are therefore to a large extent influenced by (in other words, are 
functions of) the rapidity of heating and cooling. 

Whilst the temperature of the melting point remains approximately 
constant, and about 1° C. above the point of change of the reversible 
state (which should correspond with Bomer’s “ transition point ”), 
the temperature of solidification, on the contrary, falls in proportion 
as the rapidity of cooling increa.se3. The difference between the two 
temperatures increases, however, and reaches about 5“ C. on the average, 
if the rapidity of cooling and heating varies between 4° C. and 40° C. 
per hour. 

Foreign substances have a decided influence on the melting point, 
and if they are present, fats exhibit a state of super-fusion. 

These views are not in complete agreement with those held by 
Boiner, and it would appear as if the conclusions depend to a great 
extent on the method employed in carrying out the experiments. As 
stated above, the melting point and solidifying point of pure glyperides 
should be identical, yet experiments published recently by Bimer and 
Limprich,^ and reproduced in the following table, show that the “ transi¬ 
tion point ” of pure glycerides can be observed distinctly, and that the 
authors find therein fresh support for their view that the glycerides 
exist in two forms, viz. “ stabile ” and “ labile,” as pointed out above. 
They also observed (thus confirming Quih), that pure glycerides require 
some prolonged warming above the temperature of the ” transition 

* Com.pt, rend., 1918 (166), 689. 

® ZeUa*/, UnUra, d. Nakrg$~ u, Oentiaam,, 1918, xxv. 873. 
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point ” before tbe labile form of tbe glyceride has been converted 
completely into the “ stabile ” form. If such prolonged warming has 
taken place the glycerides no longer show a “ transition point,” but 
exhibit melting points which are in full agreement with the melting 
points obtained for the “ stabile ” form. 



Melting 

Point! 

“C. 

"Transition 

Point” 

•c. 

Solklitying 
Point 1 

•c. 

Conimenceil 
to solidify at 
'■C. 

Melting Point 
of Glyceride 
heatou above 
its Transition 
Point, °C. 

Tristearin ^ . . . 

73*2 

66-5 

63*6 

68 

73*6 

^■Palmito-a- 7 .di 8 tearin“ 

616 
(64-0) ^ 

521 

49*7 

66 

63-4 

Stearodipalmitin 

68*1 

(48) 

45*9 

62 

68*6 

a-Palmito*/ 3 - 7 -di 8 tearin ^ 

68-4 

62*2 

50*0 

55 

68*6 

Stearodipalmitin ^ 

68-3 

48*2 

46*9 

63 

68*8 


The following triglycerides have been obtained hitherto in a state 
of purity:— 


Simple Triglycerides 

(a) Simple Triglycerides of Saturated Fatty Acids 

Triformin, F&rmin, 03115(0. CH0)3, is obtained from pure diformin 
(p. 12) by treating it with anhydrous formic acid {Romhurgk^). It 
can also be isolated from the product obtained in the preparation of 
diformin. Triformin crystallises in needles melting at 18° 0. In its 
liquid form it has the specific gravity 1*320 at 18° C. and =1*4412 ; 
it boils at 163° C. under 38 mm., and at 266° C. under 760 mm. pressure. 
On distilling triformin, under ordinary pressure very slowly, it is 
decomposed, with evolution of carbon monoxide and dioxide, into 
allyl formate, formic acid, and amyl alcohol, which distil over, whereas 
glycerol remains in the residue. Triformin is hydrolysed slowly by 
cold water, more rapidly by warm water. With ammonia and amides 
it yields the corresponding formamide and glycerol. 

Triaceiin, Acetin, €3115(0. €21X30)3, is prepared by heating 20 c.c. 
of glycerol with 10 c.c. of acetic anhydride and 50 grms. of finely 
powdered hydrogen potassium sulphate. As soon as a violent reaction 
sets in, 20 c.c. more of acetic anhydride are added and the mixture 
is boiled for some time. The cooled mass is exhausted by means of 
ether, when a mixture of triacetin and diacetin is obtained, which can 

^ According to Poleuske’a method, see Chap. V. 

* l8olate<l from in\itton tallow. ^ Isolated from lard. 

* When determining this point, the temperature of the bath in which the substance 
hud been melted wm kept for two hours at 68-69* C., wjw then allowed to cool to 40* C. 
and then heated afresh. Hence iii the case of /3-palraito-a-7-distearin heating for about 
ten minutes at 62-55* C. does not suffice to convert the labile form of this glyceride 
completely into the stabile form. Tristearin and a-palmito-/3-7-distearin on the other 
hand show in other cases the same melting points (cp. Bomer, ZdU.f, Unters. d. Nakrgs- 
u, Oentumn,, 1909 (17), 361). 

® Proceed, k, Akad. v. WeteMck., Anisterdam, 1906, p. 109; Zeits. f. phye. CAem., 
1910 (70), 469; cp. also B6hal, Ann. de CMm. et de Pkya., 1900 (20), 411, and English 
patent 28,723, 1907 (Nitritfabrik Eopenick). 
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be separated into its components by fractional distillation. Triacetin 
boils at 172'’-172'6° C. under 40 mm. pressure, and at 268°-259° C. 
under ordinary pressure. Its specific gravity is 1-1603 at 15° C. (water 
16° C. = 1). It is miscible with alcohol, ether, chloroform, and benzene ; 
it is, however, insoluble in carbon bisulphide and in petroleum ether. 
It is only slightly soluble in water ; 100 c.c. of water dissolve 7-17 grms. 
of triacetin at 15° C. (Geilel *). «V = 1-4328 (Parlheil and v. Vehen). 
100 parts of cotton seed oil dissolve at the ordinary temperature about 
10 parts of triacetin; 100 parts of butter fat dissolve, at 30° to 40° C., 
about 12 parts of triacetin {Fincke ^). 

By the action of hydrobroraic and hydrochloric acids on triacetin 
there are obtained a-a-dibromomonoacetin, a-a-dichloromonoacetin, 
a-^-dichloromonoacetin, and a-monobromoacetin respectively (R. de la 
Acena^). On treatment with sodium iodide a-mono-iodo-acetin is 
obtained. 

Triacetin is stated * to occur in the oil of the seeds from Evomjmus 
europ(m (see table, Vol. II. Chap. XIV. “ Lesser Known Semi-drying 
Oils ”). Acetin (as also mono- and di-acetin) is .said to be employed 
for gelatinising, and lowering the freezing point of, nitroglycerin 
(cp. Vol. III. Chap. XV.). Triacetin acts as a narcotic and has poisonous 
properties. 

Tributyrin, Butyrin,^ CgHjfO. C4H,0)3. Tributyrin is the fir.st 
glyceride that has been prepared synthetically (by Pelouze and Gelis 
by allowing gaseous hydrochloric acid or concentrated sulphuric acid to 
act on a mixture of butyric acid and glycerin. It is obtained on boiling 
one molecule of glycerol with three molecules of butyric acid for sixty 
hours (Lebedeff), or by heating dibutyrin with an excess of butyric 
acid for about twenty hours (Bertkelot, Guth), or by allowing tribromo- 
hydrin and silver butyrate (PartheU and v. Vehen) to interact. Butyrin 
is a colourless liquid, does not solidity at - 60° C., and distils unchanged 
under a pressure of 24 mm. at 182°-184° C., and under the ordinary 
pressure at 287°-288° C. The following specific gravities and refractive 
indices are given by Sc/(eiy; d-/= 1-0324 ; dY’ = 1-0143; dw = 0-9963; 

= 1-48587 ; nV = 1-42785; «V = 1'12015. The butyrin prepared 
by Guth indicated in the butyro-refractometer 12 “ degrees ” at 40° C. 
Butyrin is nearly insoluble in water, readily soluble in absolute alcohol 
and in 85 per cent alcohol, as also in the ordinary organic solvents. 
It is very doubtful whether butyrin occurs in butter fat as such ; most 
likely the butyric acid radicle forms a constituent of a mixed glyceride. 
The taste of butyrin is intensely bitter. 

Trimlerin, Valerin, CjHjfO. CjHjOlj, obtained by heating syn¬ 
thetical divalerin with 8-10 parts of “ valeric ” acid to 220° C., is • 
soluble in alcohol and ether. Valerin is said to be a characteristic 
constituent of dolphin and porpoise oils (see Vol. II. Chap. XIV.). 

* Jourii. f. prakt. Ohe/m. 55, 420. 

Zdts. f. UnUrs. d. Nahrijs- u. Oemissvu^ 1908, xvi. 667. 

® Chem. Ccntralbl., 1905, i. J2. * Schwoizer, Jahresb. f. 1857, 444. 

® Triisolmtyrin boils iimler llie onlinary pressure ut 282'’*284'’ C., under a pressure 
of 24 ram. at ITS^-IZO® C. In the butyro-refractometer it indicates 10*2 “degrees” at 
40'' C. * iVoMv. Awn. de Chivi. et de Phys.^ 1884 (10), 455. 
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Tricapr&iny Caproin, 03115(0. prepared synthetically 

from glycerol and caproic acid, is a colourless, tasteless, and odourless 
liquid, solidifying at about -60® 0., and liquefying at about -25® 0. 
The following constants were determined by Scheij : —Specific gravity : 

=0-9817 ; =0-9651; Refractive index : = 

1-44265; nV = l‘43502; = 1*42715. Caproin is miscible with 

85 per cent alcohol, and the usual organic solvents at the ordinary 
temperature. It was stated to occur in cow butter, in cocoa nut and 
palm nut oils, and in elderberry oil; but most likely the caproic acid 
radicle forma a constituent of a mixed glyceride. 

Tricaprylin, Caprylin, 03115(0.0311150)3, obtained by heating 
glycerol with caprylic acid, is a colourless, tasteless, and odourless 
liquid, solidifying at -15® 0. and melting at 8®-8-3® 0. Its specific 
gravity, determined by is : =0-9540; rZ**!** =0*9382 ; = 

0-9231; its refractive index: nV = 1*44817; 1*44069; «V = 

1-43316. At the ordinary temperature caprylin is miscible with 
85 per cent alcohol, as also with the usual organic solvents. Mixed 
glycerides containing the caprylic acid radicle form a characteristic 
constituent of cow butter, cocoa nut oil, palm nut oil, and elderberry 
oil. 

Tricaprin, Caprin, 03115(0. Cj^IIigOlg, has been prepared syntheti¬ 
cally in the same manner as the two preceding glycerides. It forms 
crystals, melting at 31-1® C. Its specific gravity is =0-9205; 
rfo^o.=^0-9057; its refractive index kV = 1'44461 ; «V = 1*43697. 
Caprin is soluble in the usual fat solvents at the ordinary temperature. 
It dissolves sparingly in absolute alcohol; in the hot it is, however, 
easily soluble in tliis menstruum. Mixed glycerides containing the 
capric acid radicle form a characteristic constituent of cow butter, of 
cocoa nut and palm nut oils, of elderberry oil, and especially of elm 
seed oil, which is stated to yield 50 per cent of capric acid. 

Trilatirin, Laurin, “ Laurostearin,” 03115(0. Ci2H230)3, has been 
isolated from pichurim beans,^ from laurel oil,^ and from cocoa nut 
oil ^ by boiling the raw material with alcohol, or by fractional distillation 
of laurel oil in vacuo {Krafft '*), or by crystallising tangkallak fat from 
ether {van Eldik Thieme^). According to S>ac:k, it occurs also in the 
fat of the kernels of the Macasuba palm, “ Kaumakka,” {Acrocomia 
sclerocarpa. Mart.), and in the fruits of Bactris Plumeriana, Mart, 
(see Vol. II. Chap. XIV.). It is also stated to occur in the liver fat of a 
crustacean.® Scheij prepared it synthetically from glycerol and lauric 
aci^; and Parikeil and v. Velsen from tribvomohydrin and silver 
laurate. It crystallises in needles, melting at 45° 0.; 46-4® 0. {Scheij). 
After being heated a few degrees above its melting point and a^llowed 
to 'solidify, it exhibits a lower melting point, Trilaurin prepared from 
the liquid a-a-dilaurin^gave^a liquid trilaurin which, curiously enough, 

* Stahiiier, LkhUjs Annul., IS-t.*) (53), 390. 

Marsaon, Liebig's A unal.y 1840 (41), 330. 

^ Giirgey, Liebig's Annal., 1848 (66), 290. 

* lienchte, 1903, 4348. 

® Proceed, k, Akad. v. Wetensch., Amstenlam, 1908, 855 ; Journ. f. prakt. Chem., 
1912 (85), 285. ® Chem. Zdt., 1895, 651. 
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gave in the cryoscopic method of determinating the molecular weight 
only half the theoretical value, whereas trilaurin prepared from the 
solid a-a-dilaurin, furnished normal trilaurin of the melting point 45° C, 
and of normal molecular weight {Oustodis ^). The specific gravity of 
trilaurin is dy = 0-8944 (Scheij ); dJ|-2^=0-8687 (Partheil and v. Velsen) ; 
its refractive index = 1-44039. In the butyro-refractometer it 
indicates 31-5 “ degrees ” at 45° C.; 29 “ degrees ” at 50° C., and 24 
“ degrees ” at 60° C. {Partheil and v. Velsen). It is sparingly soluble 
in cold absolute alcohol, but dissolves readily in ether. Trilaurin boils 
in iiaeuo at 260°-275° C. {Kraffl^). Laurin is a characteristic con¬ 
stituent of laurel oil and especially of the fats belonging to the 
“ cocoa nut oil group ” and the “ Dika Fat Group ” (see Vol. II. 
Chap. XIV.). 

Trimyristin, Myristin, CjHjfO. Ci4H2,0)3, occurs chiefly in the fats 
belonging to the “ Myristica Group ” (see Vol. II. Chap. XIV.). Virola 
fat consists to a very great extent, and ochoco fat almost exclusively, 
of myristin. Smaller quantities of this glyceride (perhaps in the 
form of a mixed glyceride) occur in human fat, lard, and butter fat. 
It has also been found in cochineal wax. Myristin has been obtained 
by fractional distillation of nutmeg butter in vacuo (Krafft ®); it has 
also been prepared synthetically by the general methods described 
above. It crystallises from its ethereal solution in laminae, melting 
at 66-5° C. (Scheij), 54°-66° C. (Thoms and Mannich ®). When melted 
trimyristin is heated to 67°-58° C., it sohdifies to a porcelain-like mass, 
melting at 45°-65° C.; on raising the temperature slightly for a very 
short time, it solidifies and regains the original melting point, viz. 
56-5° C. On warming the porcelain-like mass in a bath having the 
temperature of 35°-45° C. it softens, becomes milky and solidifies, to 
melt again at 66-6° C. Trimyristin boils in vacuo from 290°-300° C. 
(Krafft ^). Its specific gravity is =0-8848 and its refractive index 
»V = 1'44285. Trimyristin is easily soluble in ether, benzene, chloro¬ 
form, and hot absolute alcohol. 

Tripalmiiin, Palmitin, CjHjfO. CjjHjjOla, was discovered by 
Fremy, and was for a long time known as “ margarin,” especially in the 
French Utorature. It is obtained synthetically by heating (1) mono- 
palmitin or dipalmitin with palmitic acid; (2) a mixture of glycerol 
and palmitic acid; (3) tribromohydrin with sodium (or silver) palmi- 
tate. It dissolves with very great difficulty .in cold alcohol, more 
easily in hot alcohol; it is also sparingly soluble in cold ether. From 
hot ether it crystallises in needles, melting at 63°-64° C. (Chittenden) ; 
65-1° C. (Scheij) ; 65-5° C. (Guth), 66° C. (Bomer*), and solidifying at 
46°-47° C. If the crystals are heated to 70° C. and allowed to solidify, 
they melt a little above 45° C., then solidify again, and finally melt'at 
65-1° C.® Tripalmitin boils in vacuo from 310° to 320° C. with decom¬ 
position (Krafft). If the heating bath be kept above 360° C., palmitin 

^ lTia%i.g. Dissert., Ziirich, 1909 ; Grtin, JJerichU, 1912, 8693. 

® Berichte, 1903, 4343. * Her. d. derUsch. pharm. Qesellsch,, 1901, 264, 

* Joum. Chein,. iioc., 1909, 856. 

^ Cp. R. Kremanh and B. Schoniz., Momtsh., 1912 (83), 1068. 
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distils in vacuo at 280° C. {CaldweU and Hurtley ^). The specific gravity 
is d^=0'8Q57‘, the refractive mdex «V = 1’13807. Tripalmitin 
occurs in many oils and fats, and is the preponderant constituent of 
palm oil, Japan wax, and myrtle wax. 

Triheptadecylin, Heptadccylin, CgHjiO.Cj,11330)3, prepared syn¬ 
thetically by Bormr and Limprich ^ from heptadecylic acid, melts at 
62-7° C. (transition point 61-0° C.). It crystallises from ether in micro¬ 
scopical needles, arranged in druses. 100 c.c. of ether dissolve at 
0° C. 0 0288 grms. and at 16° C. 0-322 triheptadecylin. 

Tnstearin, Stearin, 03115(0.01311350)3, is obtained by heating 
(1) monostearin with 15-20 parts of stearic acid for three hours at 
275° 0. (Berthelot) ; (2) glycerol with an exce.s3 of stearic acid {Scheij ); 
(3) distearin with stearic acid (Quth) ; (4) tribromohydrin with silver 
or sodium stearate {Partheil and v. VeUen; Quth). Stearin is less 
soluble in cold alcohol than is palmitin; from solutions of tristearin 
in boiling alcohol the dissolved substance separates nearly completely 
on cooling. It dissolves sparingly in cold ether and cold petroleum 
ether (more readily if the solvents are heated); in benzene and chloro¬ 
form it dissolves readily in the cold. The stearin obtained by crystal¬ 
lisation from ether melts at 71-6° C., 72-2° C. (Benner*), and solidifies 
at 70° C. to an indistinctly crystalline mass. The crystallised stearin 
exhibits only one melting point; if the crystals are heated above this 
melting point—by at least four degrees—they solidify at about 62° C. 
to a wax-like substance, melting at 55° C.; on further heating a few 
degrees above this latter point, the melting point 71-6° C. is again 
observed.^ The specific gravity of a (not quite pure) specimen of 
stearin in the melted state was found to be 0-9235 at 65-5° C.; Scheij 
^ve3d»/' = 0-8621. The refractive index is 1-43987 {Scheij). Stearin 
indicates in the butyro-refractometer 34 “ degrees ” at 66° C., and 
23-5-24-5 “ degrees ” at 75° C. {Partheil and v. Vdsen ; Quth). It 
distils unchanged in vacuo {Chevreul). Stearin occurs chiefly in 
solid fata. Bomer * found in beef tallow only 1J per cent and in mutton 
tallow only,3 per cent of pure stearin. 

The (partial) conversion of stearin into ethyl stearate by boiling 
with a solution of sodium in absolute alcohol was first observed by 
® the same change was noted by Bouis ’’ on heating stearin with 
small quantities of alcoholic potash, insufficient to efiect complete 
saponification. On substituting amyl alcohol for ethyl alcohol, amyl 
stearate is obtained (cp. p. 102). By the interaction of tristearin with 
qhlorosulphonio acid there are obtained amongst other non-identified 
products distearin and stearic acid {Corelli *). 

Triarachin, Arachin,^ 03115(0.02311330)3, (prepared by Berthelct 

^ Joum. Chem. tSoc., 1909, 866. 

® Zeitt. /. Unters. d. Nahrgs- u, Qenussm.y 1912, xxiii. 663. 

* Ibid., 1909, xvil. 364. 

* Cp. R. Kremann ami R. Schoulz., Monatsk., 1912 (33), 1063, 

® Zeits.f. Unters. d. Nahrgs- u. Oenussm.^ 1907, xiv. 90. 

^ Journ. Ohem. Soc., 1852, 308. ’ Gompt. rend., 1862 (46), 36. 

® Inmg. Disserty Ziirich, 1909. 

® It may bo pointed out that Moser {Landw. Versuchst., 1904, 321) gave the name 
” arachin *’ to an alkaloid found by him in the seeds of Arachis kypogaea. 
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from diarachin and arachidic acid) is very slightly soluble in ether. 
Arachin occurs (most likely as a mixed glyceride) in araohis oil, and 
in smaller quantities in rape oil and butter fat. 

Trieewtin, Cerotin, CjHjfO.CjjHjjOlj, has been prepared by Marie 
from dicerotin. It crystallises in slender needles, melting at 76-5°- 
77° C. Cerotin is stated to occur in the fatty oil from Aspidium Filix 
masA 

Trimelissin, Melissin, CjHjfO.CjjHsjOlj, obtained from dimelissin 
(Marie ®), resembles cerotin ; it melts at 89° C. Hitherto it has not 
been found in nature. 

(6) Simple Triglycerides of Vnsalurated Fatty Acids, CnKja-jOj 

Triolein, Olein, C3Hj(0.Cj5Hg30)3, is obtained by heating glycerol 
with an excess of oleic acid at 240° C. for four hours (Beriheht) ; it 
may also be prepared by heating tribromohydrin with sodium oleate 
in a sealed tube to 180° C. Pottevin * prepared olein by the action of 
pancreatic ferment on mixtures of mono-olein and oleic acid at 36° C. 
Olein is an almost colourless, tasteless liquid, which solidifies at - 4° to 
- 5° C. On standing for several weeks, triolein solidifies at the ordinary 
temperature to an opaque mass (Guth). Olein distils in vacuo without 
decomposition (Chevreul). According to Caldwell and Hurtley * the 
distillation of olein commences in vacuo at 230° C. if the temperature 
of the bath surrounding the olein is kept at 350° C. The specific 
gravity of olein at 15° C. is 0-90(). In the butyro-refractometer it 
indicates 56-6 “ degrees ” at 40° C. It di.ssolve3 easily in ether and is 
more readily soluble in absolute alcohol than either palmitin or stearin ; 
it is insoluble in dilute alcohol. 

Olein combines with concentrated sulphuric acid to form a saturated 
compound having the formula (C3H5)2(0.C]gH340.S04.Cj8H340.0)3 
this substance is very unstable, and, on treatment with alcohol, is 
partly dissociated into H2SO4 and s-hydroxystearic acid. Olein is 
converted into elaidin under the same conditions under which oleic 
acid is converted by nitrous acid into elaidic acid (p. 188). Olein absorbs 
bromine and iodine quantitatively to form hexabromo-olein and hexa- 
iodo-olein (see Chap. VI.). In an atmosphere of ozone olein absorbs 
ozone, and forms the ozonide of olein (Molinari and Fenaroli ; Harries ; 
cp. Chap. III.). 

Triolein-ozonide, CjjHjmOjj, is best prepared by passing a current 
of ozonised air through triolein dissolved in (petroleum) hexane, and 
driving ofi the solvent by warming the product of reaction on a water- 
bath in vacuo. The product represents a viscous, almost jelly-like, 
colourless oil, soluble in ether, acetic acid, benzene, and chloroform. 
It is decomposed by heating to 136° C. By treating with concentrated 
alcoholic caustic potash, in addition to azelaic and nonylic acids, are 
obtained glycerol ® (cp. “ Oleic Acid,” Chap. III.).^ 

^ Arch. d. Phann., 1898,655. ^ Journ. Chent. Soc., 1896, Aljatr. i, 347. 

^ Compt. rend., 1904 (138), 378. ^ Joum. Chem. Soc., 1909, 866. 

“ Cp. alflo Juilianl, Jonrn. Soc. Chem. Jnd., 1894, 820, and balow Chap. II. 

® Molinari and Fenaroli, Berichte, 1908, 2790. 
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For the interaction of olein and mercuric acetate in acetic acid 
solution, cp. A. Leys} 

Olein occurs (probably as a mixed glyceride in many cases) in most 
oils and fats ; in preponderating quantity in the non-drying oils. Coula 
oil is stated to consist of almost pure oloin.^ 

Trieldidin, Eldidin, CjHjlO.CigHajOlj, crystallises in warts, melt¬ 
ing point 32° C. (Mayer), 38° C. (Duffy). It dissolves readily in ether, 
but is nearly insoluble in alcohol. 

Trierucin, Erucin, 03115(0.02211410)3, prepared by heating dierucin 
with erucic acid to 300° 0., forms a crystalline mass, melting at 31° 0. 
It is nearly insoluble in cold alcohol, but dissolves somewhat easily in 
boiling absolute alcohol; it dissolves very readily in ether, benzene, 
and petroleum ether. Nitrous acid converts trierucin into tribrassidin. 
Erucin (in many cases probably a mixed glyceride containing the 
radicle of erucic acid), is a characteristic constituent of the oils belonging 
to the rape oil class. The solid constituent of the oil from Tropccolum 
rmjus is almost pure trierucin (Gadamer ®). 

Tribrassidin, Brassidin, 03115(0.02211440)3, is a crystalline powder 
melting at 54°-54-5° 0. If pure brassidin is heated above its melting 
point, even to 100° 0., it still melts after cooling at 54°-51-5° 0. 

Tripetroselinin, Pelroselinin, 03115(0.04311330)3, is obtained from 
parsley-seed oil as a crystalline mass, melting at 32° 0., and solidifying 
at 16-50° 0.; n*„” = 14,619 ( Vongerichten and Kohler *). The iodine value 
of pctroselinin was found at 84-3 (Theory for Olein, 86-2). 

The following two (less unsaturated) triglycerides have been prepared 
synthetically. 

Tristearolin, StearoUn, 03115(0.04311340)3, obtained by heating 
trichlorohydrin with sodium stearolate to 190°-200° 0. in a sealed tube, 
melts after recrystallisation at 29° 0. 

Hexabromotrislearolm, 03115(0.043113481-20)3, is obtained by allow¬ 
ing bromine in a solution of carbon bisulphide to act on tristearolin 
(Quensell ^), 

Epistearolhydrin, CH2-OH-0112(0.04311340), obtained by heat- 

\/ 

0 

ing epichlorohydrin with sodium stearolate to 160° 0., melts at 36° 0. 

Tribehetmlin, BehenoVn, 03115(0.02211330)3, obtained by heating 
trichlorohydrin with sodium behenolate in a sealed tube to 240° C., 
in an atmosphere of carbon dioxide, crystallises from alcohol in shining 
white leaflets, melting at 41° 0. (Quensell^). 

The triehloro-iodo-behenolin, 03H5(O.C22H3jClIO)2, obtained from 
the chloroform layer in Hubl’s test formed a thick oil (Quensell). 

Epibehenolhydrin, CII2 . OH . CH2(O022H3jO), obtained by heating 
\/ 

0 

^ JiiUl. SoG. Oldvi., 1907 (iv.), 543 ; cp. also Jonm. de Pharm. et Chim., 1907 (26), 
289 ; Llmprich, Inaun, IHssert., Munster i/W., 1912, 

“ Journ. Soe. Vhem. 1ml., 1895, 493. Arch. d. Pharm., 1899 (237), 472. 

‘ Berkhte, 1909, 1638. “ Ibid., 1909, 2445. 
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iicMorohydrin with sodium behenolate, and crystallised from petro¬ 
leum ether or alcohol, melts at 43° C. 

(c) Simple Triglycerides of Hydroxyhted Fatty Acids, 

TriricinoUin, Ricinolein, CgHjfO. CjjHjjOjls, occurs in castor oil. 
Bjcinolein has been synthesised by heating glycerol with an excess of 
ricinoleic acid to 230° C. for six hours, unchanged glycerol and ricinoleic 
icid being removed by water and petroleum ether respectively.^ If 
pressure and high temperature be employed, as is done in Berthelofs 
method, condensation products of mono- and diricinolein are formed, 
the simplest of which is isomeric with triricinolein, and has the formula 
OH.CijHa^.COO.CijHjj.COO.CaHslC^.COOHV 

When triricinolein is heated in a solution of toluene, with or without 
dnc chloride, it is condensed to several esters {e.g. that represented 
oy the formula [( 0 H.Ci 7 H 32 .C 00 ) 2 C 3 H 5 .Cj,H 32 .C 0 ] 20 ), which are 
iifferentiated from triricinolein by their sparing solubihty in alcohol 
ind petroleum ether. 

H. Meyer ^ describes triricinolein (prepared by heating ricinoleic acid 
ind glycerol in a current of carbon dioxide to 280°-300° C.) as a colour- 
ess oil (of the specific gravity 0-959-0'984 and having [(i]u= +5-16°), 
loluble in 96 per cent alcohol, and in methyl alcohol; miscible with 
ibsolute alcohol and glacial acetic acid ; sparingly soluble in petroleum 
ither. Unlike castor oil, it does not form ricinelaidin with nitrous acid. 
3n keeping, it is stated to undergo polymerisation, the molecule becom- 
ng doubled or trebled, as is indicated by the increase of the specific 
p'avity to 0-988-1-009, and the decrease of the iodine value from 71-84 
,0 44-7 (cp., however, “ Castor Oil,” Vol. II. Chap. XIV.). 

The hydroxyl groups in the fatty acid radicles of ricinolein may be 
lombined in their turn with acid radicles, so as to form esters. Lidoff ® 
)repared the esters of formic, acetic, and stearic acids. The last-named 
iompound having the composition C 3 H 5 [ 0 .CjgH 320 ( 0 .CjgH 350)]3 
las also been synthesised by Iwitckell.* The preparation of allophanic 
sters of ricinolein has been patented by Vereinigle Chininfabriken 
Zimmer & Oo? 

Triricineldidin, Ricinelaidin, C3H5(0 . CuH 3302 ) 3 , obtained by treat- 
ng ricinolein (castor oil) with nitrous acid, crystallises in warts, which 
lissolve with difficulty in cold alcohol (Playfair ®). 

Mixed Triglycerides 

Mixed triglycerides occur in the natural oils and fats to a very oon- 
iderable extent; in fact, it appears that they form the bulk of the vast- 
uajority of natural oils and fats. Their isolation from the natural 
iroductk causes considerable difficulties, inasmuch as it would seem 

' Juillanl, Joum. Ckem. Soc., 1895, Abstr. i. 500. 

2 Joum. &OC. Chem. Ind., 1897, 633, 684. 

* Cheui. Revue, 1900, 127. * Joum. Amer. Chem. tSoc., 1906, 196. 

® German patent 211,197 (1907). 

" Liebig's Annal., 1847 (60), 322. 
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that the natural mixed glycerides undergo intramolecular changes 
whilst being treated with solvents. 

The synthetically prepared mixed triglycerides were obtained by 
methods similar to those employed in the preparation of simple tri¬ 
glycerides. It must, however, be pointed out that the products by no 
means represent the pure individuals aimed at. Thus Kreis and Hafner ^ 
state that when oleic acid is allowed to act on distearin or dipalmitin, 
considerable quantities of tristearin and tripalmitin are formed, whilst 
the yield of oleodistearin and oleodipalmitin is small. Furthermore 
Bomer has shown that the palmitodistearins (see below) described as 
pure substances still contained very considerable proportions of tri- 
stearin. 

It would therefore follow that in the course of synthesising mixed 
glycerides by means of the methods described p. 11, intramolecular 
changes occur, which lead to the production of by-products and that all 
conclusions, based on identical melting points, as to the constitution 
must be considered as premature.^ 

Synthetically prepared mixed triglycerides also result in the course 
of the manufacture of hydrogenised fats (see below p. 59 and Vol. III. 
Chap. XV. “ Hydrogenised (Hardened) Fats ”). Theoretically all 
possible isomerides may be formed, so that triolein would yield tristearin 
on complete reduction of the oleic acid radicles, whilst less complete 
reduction would lead to the formation of monostearodi-olein and 
distearomono-olein. 

A general method (proposed by Griin and Schacht ®) for preparing 
mixed glycerides containing two different acid radicles conaiste in heating 
diglycerides with the anhydride of a fatty acid. Thus jS-oleo-a-a-distearin 
was prepared by heating a-a-distearin and oleic anhydride under a 
pressure of 20-25 mm. to 170° C. for six hours, whilst a current of carbon 
dioxide was passed through the heated mass. 

A general method for synthesising mixed triglycerides containing 
three different fatty acid radicles—which following the denomination 
adopted above (p. 18), are fixed by the positions a, /J, and y —consists 
in replacing in the molecule of a-monochlorohydrin, C3H5CI. (OH)(OH), 
at first the hydroxyl in the y-position,then the chlorine in the a-position, 
and finally the hydroxyl group in the )S-position successively by the 
acid.radicles of three different fatty acids. Thus by allowing a-chloro- 
hydrin to react with lauric chloride, there is obtained exclusively the 
diglyceride— a-chloro-y-hurin.* (The y-position of the lauric acid 
radicle is proved by the fact, that on replacing the chlorine atom by 
the hydroxyl group, a-monolaurin results.) By the action of potassium 
myristate the mixed diglyceride a-myrislo-y-laurin is formed, which, in 
its turn, by heating with stearic chloride, is converted into the mixed 
triglyceride a-myristo-^-slearo-y-laurin. The latter may, of course, 
also be described as a-lauro-^-stearo-y-myrislin. By varying the order 
in which the fatty acid radicles are introduced, the three isomerides 

‘ BmMe, 1903, 2766. 

“ Cp. Lewkowitach ConKrence, Bull. S<ic. Ohim. (U Fraim, 1909, iv. 

^ JierictUe, 1907, 14. * Griiu and von Skopnik, JiericlUe, 1909, 8751. 
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denominated by the general formula) (3), (4), and (5) on p. 18, can be 
obtained. The three isomeric triglycerides indicated by theory for a 
triglyceride containing three different fatty acid radicles (p. 18), have 
been actually prepared in the case of the triglyceride of lauric, myristic, 
and stearic acids (see below). 

It is noteworthy that a mixture of any two of the three isomerides, 
as also a mixture of all three isomerides, melt somewhat indistinctly, 
but in no case does the melting point lie below that of any of the com¬ 
ponents of the mixture, the melting point of any mixture lying between 
the melting points of the several components. 

In order to place before the reader the configuration of the mixed 
glycerides described below in a synoptical manner, the positions of the 
several fatty acid radicles in the glycerol molecule will be denominated 
(cp. p. 11 ) by the letters a, j 8 , y, thus :— 

O.Ha 

C,H,O.H/3 

O.Hv 

(a) Mixed Triglycerides containing Acid Radicles of Saturated 
Ratty Acids only 

a-Aceto-^-y-diformin, a-Acetodiformin, 03115 ( 0 .C 2 H 30 )( 0 .C 0 H) 2 , 
obtained by the action of the mixed anhydride of formic and acetic 
acids, CH 3 .00.0. OHO,* on glycerol, is miscible with alcohol and 
ether in every proportion. (1“ = 1-249. Under a pressure of 27 mm. 
it boils at 167“ 0. 

p-Aceto-a-y-dibutyrin, 03 H 5(0 . C 4 H, 0)(0 . CjHjOifO . C 4 H, 0 ), ob¬ 
tained by the interaction of acetodichlorohydrin and sodium butyrate, 
or by the action of a-a-dibutyrin on acetyl chloride, is a colourless oil 
of faint ethereal smell and aromatic bitter taste. It is miscible with 
alcohol and ether in every proportion. Under the ordinary pressure 
it boils at 289°-290“ C., and under a pressure of 16 mm. at 173‘’-175‘’ C. 
In the butyro-refractoinetcr it indicates 6-3 “ degrees ” at 40“ C. 

p-Acelo-a-ydilaurin, C 3 H 5(0 . Cj 2 H 230)(0 . C 2 H 30)(0 . CjjHjsO), 
obtained from solid a-a-dilaurin by heating it with acetic anhydride, 
crystallises from a mixture of ether and alcohol in white needles 
(Castodis). 

^-Aceto-a-ydimyristin, 03115(0 . Cj 4 H 270)(0 . C 2 ll 30)(0 . CJ 4 H 27 O), 
obtained** by heating a-a-dimyristin with acetic anhydride for four 
hours, crystallises from ether partly in shining needles, melting 41-5“ C., 
and partly in indistinct spheroidal crystals melting at 46-5° C. 

a-Aceto-^-y-difalmUiu, C 3 H 5 (O.C 2 HgO)(O.C 45 H 3 jO)(O.Cj 5 H 3 jO), 
prepared ’ by heating dipalmito-a-chlorohydrin, C 3 H 5 CI .(0 . CjjHjjOij 
[obtained from palmitic acid and a-chlorohydrin disulphonic ester, 
CjHjClfO. S 03 H) 2 ], with silver acetate in a sealed tube at 140° C. for 
three hours, melts at 67° 0. 

^-Acelo-a-y-dipdmilin, C 3 H 5(0 . CjjH 3 i 0)(0 . C 2 H 30)(0 . CjjHjjO), 
obtained ’ by heating a-a-dipalmitin with acetic anhydride, melts in its 

^ Bthal, Corript. rend., 1899, 128, 1460. 

Griitt and Scbacht, Berichte, 1907, 1786. 


'' QrUn, Berichte, 190fi, 2286. 
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crystalline state at 49° C. and solidifies at 29° C. The once melted 
crystals have the (constant) melting point of 33° C. 

a-Aceto-^-y-diskarin, 03145 ( 0 .C 2 H 30 )( 0 ,Cj 8 H^ 0 )( 0 .CjgH 350 ), ob¬ 
tained ' by heating ;8-y-distearo-a-chlorohydrin with silver acetate and 
acetic anhydride in a scaled tube to 140° C., crystallises from alcohol 
in the form of druses, melting at 44° C., and after solidification at 43° C, 
After several weeks the melting point rose to 48° C., but after the melted 
substance had solidified, the melting point was again 43° 0. 

^-Acek-a-y-distearin, 03115 ( 0 . 0 i 8 H 350 )(O . 02 H 30)(0 . C] 8 H 350 ), 
obtained “ by heating a-a-distearin for four hours with acetic anhydride, 
forms white crystals, readily soluble in ether and chloroform, sparingly 
soluble in alcohol melting at 66-5° 0. 

^-Lauro-a-y-dimyrislin, C 3 H 5 (0, 0 j 4 H 2 , 0 ) (0. OJ 2 H 23 O) (0, OjjHjjO), 
obtained * from a-a-dimyristin and lauryl chloride, forms micro¬ 
crystalline, white granules melting at 40-5° 0. A second modification 
of this glyceride, which melted at 36-6° 0., is stated to have been isolated 
from the mother liquor of the crystals melting at 46-5° C. . 

a-lMuro-^-y-diiiiyristin, 03115(0 .Ci 2 H 230 )( 0 . Cj 4 H 2 , 0 )( 0 . CJ 4 H 27 O), 
is formed, together with jS-myristo-a-y-dilaurin (sec below), by allowing 
rnyristyl chloride to act on a-a-dilaurin.'* It is also obtained ’’ by the 
action of dimyristo-,a-chlorohydrin on potassium lauratc. The product 
■furnished by the former method is liquid, that obtained by the latter 
method is crystalline and melts at 45° C., and after solidification at 
42-5° C. After several weeks’ standing it melts at 43-5° C., and after 
solidification at 40° C. 

a-Myrislo-^-y-dihurin, 03 ^ 15 ( 0 . Cj 4 H 2 , 0 ) (0. CJ 2 H 23 O) (0. CJ 2 II 23 O), 
prepared * from dilauro-a-chlorohydrin and potassium myristate, 
crystallises from alcohol in needles, melting at 41° C., and after solidifica¬ 
tion at 36-5° C. 

p-Myrislo-a-y-dilaurin, 03115 ( 0 .Ci 2 lI^ 0 )( 0 .Ci 4 H 2 , 0 )( 0 .Ci 2 H 230 ), 
is obtained,’ together with a-lauro-^-y-dimyristin (see above), by the 
action of rnyristyl chloride on a-a-dilaurin, in two isomeric modifications: 
—viz. a labile form crystallising in white plates, melting at 32° C., and 
a stable form_, representing a microcrystalline powder, melting at 
32-38-5° C., and after solidification at 36-5° C. The stable form is more 
sparingly soluble in all solvents than the labile form. The latter can 
be gradually converted into the stable form by inoculating an ethereal 
solution of the labile form with crystals of the stable form. 

a-Stearo-^-y-dilaurin, 03415 ( 0 . C 48 H 350 )( 0 .Ci 2 H 230 )( 0 .C 42 H 230 ), 
obtained * from dilauro-a-chlorohydrin and potassium stearate, crystal¬ 
lises from alcohol in fine needles, melting at 46° C., and after solidifica¬ 
tion at 44° C. 

j 8 - Sicaro - a- y-diUtuHn, 03115 ( 0 . C 42 H 230 ) (0. CJ 8 H 35 O) (0. C 42 II 23 O), 
obtained, together with a-lauro-jS-y-distearin, by the action of stearyl 
chloride on dilaurin, forms small white crystals, melting at 37-6° C. 

^ Grvin and Thelnier, Berichte, 1907, 1795. * Griin and Schuclit, ibid., 1907, 1781. 

’ Tftui., 1907, 1787. */&W., 1907, 1790. ® Griiu and Tlieinier, 1907,1798. 

* Ibid., 1907, 1799. ’ Griin and Scbacht, ibid., 1907, 1790. 

® Grun and Theimer, ibid., 1907, 1799. 
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a-Lauro-^-y-distea/rin, 03115(0 . Ci 2 Hj 30)(0 . Cj 8 Hg 50)(0 . CjgHjjO), 
obtained,^ together with jS-stearo-a-y-dilaurin, by the action of stearyl 
chloride on dilaurin, melts at 62-5‘’ 0.; after being kept for some time 
its melting point rose to 69-5° 0. The product, prepared by heating 
a-ohloro-distearin with potassium laurate to 175°-180° C. in a current 
of carbon dioxide for six hours, melted in its crystalline state at 49° C., 
and after solidification at 47“ C.® 

^-Lauro-a-ydistearin, 03115 ( 0 .CigHgjOKO.OijHjjOKO.CijHjjO), 
is obtained from a-a-distearin and lauric anhydride (prepared from lauric 
acid and acetic anhydride). On crystallising the product from alcohol 
to remove distearin and lauric acid, and recrystallising repeatedly from 
ether (30 to 35 times), two isomeric modifications are obtained—viz. a 
labile form, melting at 53-5“ 0., and a stable form, melting at 68 - 6 ° 0. 
By inoculating the alcohol-ether solution of the labile form with crystals 
of the stable form, the former can be converted completely into the 
higher melting i.someride. In the cryoscopic determination of the 
molecular weight the stable form showed double the molecular weight; 
in the “ boiling point ” method uncertain results were found. The 
stable form could not be converted into the labile form. 

a- Lauro-^-stearo-y-tnyristin, 03115 ( 0 . C,3H330)(0.Ci 3H350)(0.C„ 
HjjO), prepared ^ by heating the diglyceride a-lauro-y-myristin with 
stearyl chloride, crystallises in flocks melting at 37“-38“ C.; after 
solidification the mass melts at 35“ C. 

a-Skaro-^-myristo-y-laurin, 03115 ( 0 .Cj 3 H 350 )( 0 .Cj,H 2 , 0 )( 0 .Cj 2 
H 23 O), similarly obtained from the diglyceride : a-stearo-y-laurin and 
myristyl chloride,“ crystalli.ses in granular masses melting at 48“-49“ C. ; 
after keeping for some time the crystals melt at 46“ 0. The solidified 
mass melts again at 44“-45“ C. 

a-iStearo-j3-(aMro-y-mi/rish''«,03H5(00j3H35O)(O0j2H23O)(O.Cj4H2,O), 
prepared ® from the diglyceride a-stearo-y-myristin and lauryl chloride, 
forms indistinct crystals, melting at 42“ C.; the solidified mass melts 
at 32“ 0 

a-Myristo-p-y-distearin, 03115 ( 0 . Cj^K^jOKO. OjsHjjO) ( 0 . 018 H 35 O), 
is prepared ® by heating o-chloro-distearin with dry potassium myristate 
to 175‘'-180“ 0. in a current of carbon dioxide for six hours. It crystal¬ 
lises from alcohol (in which it is very sparingly soluble) in needles, 
melting at 52“ and 62“ C., and after solidification at 59° 0. 

P-Myristo-a-y-distearin, 03115 ( 0 . OJ 8 II 35 O) (0. CjjHjjO) (0. OigH^O), 
is obtained ^ from a-a-distearin and myristic anhydride in two modifica¬ 
tions :—a labile form (melting point 57“ 0., after solidification _55’5°) 
and a stable form (melting point 68 - 8 “ and 65“ 0., after solidification 
68-5“ 0.). The two forms are separated by repeated recrystallisations— 
35 to 40 times—from ether, chloroform, benzene, and other solvents. 
By inoculating the labile form with crystals of the stable form, the 
melting point rose gradually. The molecular weight of the labile form 
was found in the cryoscopic method to be normal, whereas the stable 

^ Oriin and Schacht, Berichte, 1907, 1791. 

' Gnin and Skopnik, ibid., 1909, 3757. * Griin and Theimer, ibiiL, 1907, 1797. 

* Oriin and Schacht, ibid., 1907,1784. 
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form gave values leading to double the molecular weight. In the 
boiling point method the stable form furnished uncertain results. 

a-Palmito-^-y-distearin, € 3115(0 . C 38 H^O) (0. C 33 H 35 O) (0. C^gHjgO), 
prepared synthetically from a-monopalmitin and stearic acid (QulV), 
or from ^-a-distearin and palmitic acid {Kreis and Hafner ^), melted in 
the crystallised state at 63“ C. In the butyro-refractometer it indicated 
22-6 “ degrees ” at 76° C. 

Bmner * isolated this glyceride in a pure state hy a very long and 
exhaustive series of crystalbsations from lard, in which it occurs to 
the extent of about 3 per cent. Its melting point is 68 0“ C. (corrected 
68 - 6 “) and its “ transition point ” 57-3“ (corrected 51-5°). 

^-PalmiUm-y-distmrin, 03115(0 . CjgH 350)(0 . CijHjjO) (0. CigH 350 ), 
prepared from a-a-distearin and palmitic acid by heating to 180“ C. under 
diminished pressure (Kreis and Hafner^) crystallised from ether in 
tufts, consisting of microscopic needles. It was stated that in the 
superfused state it has two melting points, viz. 52-2“ 0. and 62“ C., 
whereas in the crystalline state it melts at 63“ C. It would therefore 
very closely simulate a-palmito-jS-y-distearin. Bomer * has, however, 
shown that the substance prepared by Kreis and Hafner contained oyer 
12 per cent of tristearin. Later 5oHier ® showed that a “ palmito- 
distearin,” obtained by Kreis and Hafner ® from beef tallow contained 
about 15 per cent of tristearin. Bomer himself prepared from mutton 
tallow by systematic crystallisation a palmitodistearin of the melting 
point 63-3“ C.^ 

If the /3-palmito-a-y-di.stearin ’ is prepared synthetically from 
a-a-distearin and palmitic acid, there are formed simultaneously 
tristoarin and a-stearo-/3-y-dipalmitin. 

a-Stearo-^-y-dijMlmitin; CjHgfO.CigHggOXO.CjgHjjOlfO.CigHgjO), 
prepared synthetically hy Gulh from a-monostcarin and palmitic acid, 
crystallises in long rhombic plates, melting at 60 C. In the butyro- 
refractometer it indicates 27 “ degrees ” at 75° 0. 

pStearo-a-y-dipalmitin, C 3 H 5 ( 0 .CigH 3 i 0 )( 0 .Ci 8 ^ 0 )( 0 .CigH 3 j 0 ), 
obtained synthetically from a-a-dipalmitin and .stearic acid, crystallises 
in laminse melting at 60“ C. j in the butyro-refractometer it indicates 
24 “ degrees ” at 75“ 0. 

Astearodipalmitin (dtpaljm'tosIcarini.lCgflslO.CjgHggOllO.CigHgjOlj, 
prepared by Hansen^ from tallow, was described as crystallising in scales 
of silky lustre melting at 55“ 0. This substance differs in melting point 
from the two preceding isoraerides, although it should be identical with 
one of them. It is therefore very likely that this “ stearodipalmitin ” 
still’ contained some tristearin. A stearodipalmitin, obtained by very 
frequently repeated crystallisations from mutton tallow, melts at 
67-3“ 0. (Bomer 


‘ BericMe, 1903, 112.1. . , 

2 Zeits. f. Unters. d. Nahrga- u. (fettussm.,1909, xvii. 393, 1913, rxv. 3B4. Cp. also 
ChfiP XII ^ ihid.f 1904, vii. 665. 

* 'ibid.', 1909, xvii. 359. ® Ibid., 1907, *iv. 106. « BerkhU, 1903, 1128. 

’ Zeita.f. Unters. d. Nahrgs- u. Oenussm., 1918, xxv. 363. 

® Arch.f. Hygiene, 1902 (42), 1. wt 

® Zeits. f. Unters. d. Nahrgs- u. Oenussrti., 1909, xvu. 391. Cp. also Chap. XII. 
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(b) Mixed Triglycerides containing Acid Radicles of Saturated Fatty 
Acids and of Unsalurated Fatty Acids of the Series CnH^n-fOi 

The existence of a myristopalmitookin, CgHjfO. Ci4 H„0)(0 .Ci, 
H3i 0)(0 • CigHjjO), stated by Kliment ' to occur in cacao butter, and 
to melt in the crystalline state at 25°-27‘’ C., must bo regarded as 
doubtful (cp. “ Cacao Butter,” Vol. II. Chap. XIV.). 

The identity of an oleodijmlmitin (dijialmiloolein), CjHjfO.CjgHjjO) 
(0. Cj 8 H 3 jO) 2 , isolated by Hansen from tallow, by fractional crystal¬ 
lisation, and stated to melt at 48° C., is doubted by Kreis and Hafner.^ 
On preparing j3-oleo-o-y-dipalmitin from o-a-dipalniitin, Kreis and 
Hafner obtained an oleodipalmitin which became translucent in a 
capillary tube at 20° C., and melted to a clear liquid at 38°-39° C. In 
the crystalline state it melted at 38°-39° C. The y-oleo-a-)3-dipalmitin 
obtained from a-j8-dipalmitin became translucent at 18° C., and melted 
to a clear liquid at 37°-38° C. In the crystalline state it melted at 
38° C. An oleodipalmitin melting at 29-2° C. was stated to have been 
obtained by the repeated crystallisation of vegetable tallow from 
acetone {Klimont^). An oleodipalmitin obtained in the same manner 
from Borneo tallow is stated to melt at 28°-29° C., and when freshly 
crystallised at 33°-34° C. 

An oleopalmitostearin (stearopalmitoolein), CglljfO. CjgHggOfO, 

^16 

H,,0)(0.C jgllgjO), obtained (from tallow) by Hansen * melted at 
42° C. Klimonl * claimed that he had isolated the same glyceride 
melting at 31°-33° C. from cacao butter, but withdrew this statement 
subsequently. 

Oleodistearin, CgHjfO. CjgH^0)(0. CjgllgjOjj. This, the first 
known mixed glyceride, was obtained by Heise from mkilnyi fat and 
from kokum butter, by precipitating ethereal solutions of these fats 
with alcohol. It is also stated to occur in cacao butter [Fritzweiier 
and in Borneo tallow (Klimont *). It forms small white crystals 
readily soluble in boiling alcohol, .sparingly soluble in cold alcohol. 
The cry.stal3 melt at 44°-44’5° C. and .solidify at 40-8° C. It the melted 
glyceride is cooled rapidly, it melts at 27°-28° C.; on further heating, 
the substance solidifies again, finally to melt at 37°-38° C. The specific 
gravity at 70° C. is 0-8928, and at 90° C. 0-8547. According to J. Sack ’’ 
the fat from Mangifera indica consists to a large extent of oleodistearin. 
The analytical data given for this fat do not bear out this contention. 

The oleodistearin obtained synthetically by the action of oleic acid 
on a-a-distearin melts about 2°-4° C. lower than does the natural oleo¬ 
distearin from mkinyi fat and kokum butter (Kreis and Hafmr). 

The iodo-chloroderivative of oleodistearin was isolated by Hemiq,ues 
and Kiinne? 

* Monaish. /. Chem., 1902, 231, 61. 

^ Zeits, f. Uiiters. d. Nahrgs- u. (hnmsm., 1904, vii. 666. 

3 Monalah.f. Chtm., 1903, 408 ; 1904, 931 ; 1905, 563. 

* Arch. f. Hygiene^ 1902, 42, 1. 

* ArbeiUn a. d. KaiserL, Oesundheitsamte, 1902, 371. 

« Monatsh./. Vhem., 1904, 929 ; 1905, 663. 

’ Phann. Weekblad, 1911, No. 13. » Berichie, 1899, 390. 
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Qrun and Schacht ^ prepared a ^-oleo-a-y-distearin by heating 
a-a-distoarin with an equal amount of oleic anhydride for six hours to 
170° C. at a pressure of 20 to 25 mm., whilst a current of carbon dioxide 
was passed through the mass. This oleodistearin melted, shortly 
after being prepared, at 42° C.; after being kept for one year it melted 
at 41° and at 55° C.; after solidification it melted at 42° C. 

Elaidodistearin, CsHjfO. • ^' 18 ^ 350 ) 2 , obtained by the 

action of nitrous acid on oleodistearin {Henriques and Kiinne melts 
at 61° C. 

Dioleostearin, CjHjfO . Cj 8 H 330 ) 2(0 . CjjHj^O), has been stated 
(Pariheil and Ferie to occur in human fat. 


(c) Mixed Triglycerides containing Acid Radicles of Saturated Fatty 
Acids and of Unsaturated Fatty Acids of the Series C„Il 2 ,i -402 

a-Linolo-^-y-dipalmitin, C 3 II 5 (0. CjjHpjO) (0. CjjHjjO) (0. CjjHjiO), 
from a-j3-dipalmitin and linolic anhydride (with a very poor yield) 
melts at ll-6-13° C. (H. Schoeiifeld*). 

^-Linolo-a-y-difalmitin, 03 H 5 (O.Cj 8 H 34 O)(O.Cijll 3 jO)(O.Cj 8 H 3 jO), 
from a-a-dipalmitin, and linolic anhydride melts at 28-29° C. (H. 
Schoenfeld). 

a-Linolo-^-y-distearin, 03115 ( 0 . CjjHjjO)( 0 . CjgHjjO)( 0 . CjgHjjO), 
from a-;8-disteai‘in, and linolic anhydride forms white cry.stals melting 
at 33-6-37° C. {H. Schoenfeld). 

Linolo-a-y-distearin, C 3 H 5 ( 0 .Cj 8 H 350 )( 0 .Cj 8 H 3 j 0 )( 0 .Ci 8 H 350 ), 
from a-a-distoarin and linolic anhydride melts at 41-42° 0.; after solidi¬ 
fication it melted again at 36° C. (H. Schoenfeld). 

The occurrence of a mixed glyceride of japanic and palmitic acids 
having the formula C 3 H 5 (C 2 |,ll 43 [CO. 0J2)(0. CjjHjjO) in Japan wax 
is considered probable by Geitel and v. d. Want (see Vol. II. Chap. XIV. 
“ Japan Wax ”). 

Phosphatides 

A large group of naturally occurring mixed triglycerides, containing 
as a rule two fatty acid radicles and one radicle of phosphoric acid, 
the latter in conjunction with an organic basis, are found widely dis¬ 
tributed, although only in very small quantities in all tissues of vegetable 
and animal organisms. Their chemical composition may be repre- 
sente'd by the general formula C3ll5(0E)(0E)(0. PO). (OH)(OB), 
wherein B stands for a monoamino base. 

Eor these triglycerides the term phosphatides proposed by Tlmdichum 
has been accepted generally. (In order to denote the basic character 
of these substances Leathes ® suggests the term “ phospholipines.”) 

Phosphatides represented by this formula are denominated mono- 

' Bmchte, 1907, 1782. = lUd., 1899, 387. 

® Arch. d. Phann.. 1908, 646. * Inang. Irismrt, Zurich, 1912. 

^ The Fats, Longmans, Green k Co., 1910; cp. also 0. Rosenheim, VII. Intern. 
Congr. (rf Appl. Chen., 1910, Tol. iv, art. 2, p. 66. 
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amino-mono-phospLatides on account of the nitrogen and phosphorus 
atoms standing in the proportion 1:1. 

Although these glycerides appear to exercise a most important 
physiological function (in fact apjsear to some authors to be the real 
“ life sustainers ”), very little is known as to their actual importance in 
the economy of the vegetable and animal organism. Nor has their 
chemical composition been established, and many conflicting statements 
on this point are found in the literature of the subject. 

The best known phosphatide is the Lecithin * which occurs in egg- 
yolk.^ On saponification (with alcohoUo potash or with hydrochloric 
acid it furnishes choUne,^ glycero-phosphoric acid, and fatty acids. 
Hence the following formula is generally ascribed to it: CjHjfOR) 
(OR). [0. P0(0H)(0. CH 2 CH 2 N(CH 3 ) 30 H]. According to WiUstdtUr 
and Ludeche lecithin is a derivative of an a-^-diglyceride. In the case 
of a specimen of egg-yolk lecithin prepared by Cousin,^ the fatty acids 
obtained on saponification ® are stated to consist of 24 per cent of 
linolic, 28-5 per cent of palmitic, and 14-2 per cent of stearic acid. 
Rolktl’’ gives the iodine value of egg-lecithin as 62 to 69. The un¬ 
saturated fatty acids are capable of being reduced by means of 
hydrogen in the presence of a suitable catalyst (see “ Hydrolecithin,” 

p. 60). 

The above given formula contains an asymmetric carbon atom, 
and in agreement therewith, natural lecithin is optically active. A 
(commercial) preparation of egg-lecithin examined by P. Mayer ® had 
[a]D= +9-84. Like tartaric acid, mandelic acid,® etc., it is converted, 
on heating, into the racemic form, which was resolved (by means of 
steapsin) into its optically active stereoisomerides, of which the 
laevorotatory lecithin was isolated (P. Mayer ®). This shows that the 
phosphoric acid radicle which carries the choline group is in the 
y-position. (The glycerophosphoric acid, obtained at the same time, 
was also found to be optically active ; Willstiitter and Liideche.^) It 
should, however, be noted that N. A. Barbier^^ is of the opinion that 
egg-yolk does not contain lecithin. 

Lecithin of a very similar composition ^ has been isolated from 

^ For a compilation of the literature on lecithin, cp. F. Kadc, Imug. Ditsert., 
Zurich, Idll. Grtin and Kade, Berickte, 1912, 8368 ; 3367. 

* First prepared by A. Strecker {Lielkg's Annal. 148, 80). Cp. also Zuelzer, Hoppe- 
Seyler's Zeits. f. physiol. Ohem. 27, 462. 

^ Cp. F. Maleiigreau and G. Prigent, Zdls. f. physid. Okem., 1912 (77), 107. 

* For the preparation of choline from lecithin, cp. J. D. Kicdel, German imtent 
193,449. 

® Jmm. Pharm. Chiin., 1903, 102; cp. also Henriques and Hansen, Skand. Arch. 
/. Physiol., 1903, xiv. 390. 

* For the saponification of lecithin by “alcoholysis," cp. Founieau .and Plettre, 
Hull. Soc. Ohim. de France, 1912, v. (11), 805. 

’ Hoppe-iSeyler's Zeils. f. physiol. Ghem.., 1909 (61), 214. 

® Biochem. Zeits,, 1905, 89. 

** Lewkowitsch, Berichte, 1883, 2721. 

Berickte, 1904, 3763. 

“ VII. Intern. Congr. of Applied Chonislry, 1910, vol. iv. art. 2, j). 64. Chevi. 
Zeit., 1912, 985. 

** Studied especially by Schulze, Winterstein and Ililstund, Zeits. f. physiol. 
Chem., 1906 (47), 496. . . - 



I 


LECITHIN 


39 


many plant seeds, especially those derived from the Legumimsw} 
and the cereal grains. 

For the commercial preparation of lecithin from cereals the reader 
must be referred to the patents given in the footnote.^ 0. A. Fischer ® 
extracts vegetable and animal substances with ethyl acetate, methyl 
acetate, or methyl but 3 u:ate to remove fatty oil and cholesterol. The 
residue containing the lecithin (in the case of egg-yolk from 35 to 40 
per cent of lecithin) is dried in vacuo and extracted with alcohol at 
70° C. Lecithin separates from the solution on cooling. 

Lecithin differs from the above described triglycerides— i.e. from 
true fats and oils—by its solubility in alcohol. It possesses the property 
of readily emulsifying water. Ether and similar solvents extract very 
little lecithin from emulsions, but the lecithin is immediately taken 
up by the solvent after addition of salts. Glycerol, dextrose, sucrose, 
and carbamide neither cause precipitation from the emulsions nor aid 
in the solution of the lecithin by ether. On the addition of traces of 
salt solutions to the mixtures the lecithin is immediately dissolved by 
the ether.'* 

Lecithin is insoluble in acetone and can therefore be precipitated 
from its solutions by acetone. It is slightly soluble in oils and fats, 
and"hence is extracted together with the oils and fats in the commercial 
processes of preparing the latter. An indication as to the amounts of 
lecithin found in commercial oils and fats may be gathered from the 
table given in Chap. IV. “ Estimation of Phosphorus.” ^ 

Lecithin from egg-yolk as also from cereals, etc., is employed in the 
margarine industry (see Vol. III. Chap. XV.), and in the preparation 
of cod liver emulsions and food compounds. Solutions of lecithin in 
glycerol® and in mono-, di-, and tri-chlorohydriu^ are also being 
brought into commerce. 

Lecithin, or rather lecithin-like substances, isolated from hver, 
muscles (heart muscles), kidney, brain, and nerves, and blood seem to 
have, generally speaking, a similar composition to that given above 
for the egg-yolk lecithin. Thus Leathes ® has shown that the ether 
extract from active organs of the body (liver, heart, kidney) yields 
65 per cent of insoluble fatty acids. Assuming that in the molecule of 
a lecithin of the formula given above, R be 280, it would follow that 
lecithin should yield 67 per cent (about) of insoluble fatty acids. 
The composition of the fatty acids appears, however, to be different, 

■.Cp.KSiiigaml.SoIiluokcbier, Unlera.d. Mrijs-u. Oeimssm., 1008, iv.650. 

For the quimtitative determiiiatiou cp. C. Feudler, Apoth. Zd,ts., 1905 (3) ; Riedel, 
ibid., 1906, 72. 

“ Blattmaiin, French patent 357,451 ; cp. also E. Ziegler. German patent 179,591 ; 

. French patent 364,896 ; H. 0. Biier, German) patents 200,263, 210,013, 236,605 ; 
English patent 12,405, 1908 ; United States patent 1,056,614 ; Ponleuc Freres, French 
patent 406,634. J. D. Riedel, Akt. Goa., German patent 260,886. 

’ English patents 11,697, 1908 ; 18,540, 1909 ; IVench patent 390,683. 

^ J. H. Long and F. Gephart, Jmtrti. Atncr. Ohent. Sor,., 1908, 896. 

® For the determination of lecithin in medicinal preparations cp. C. Virchow, 
Ckem. Heit., 1911, 913; 1912, 906. ® F. Bergell, German patent 231,233. 

’ Deutsche Chein. Werke, “Victoria" and P, Salzmann, German patent 241,564. 

> Journ. of Physiol, 1907 (36), 19. Cp. also Bang, Ohrmk u. Biochemk d. lApoide. 
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the “ organ fats ” apparently being characterised by the ease with which 
they undergo chemical changes in the body. Erimdsen * showed that 
the lecithin-like substances (“ phosphatides ”) isolated from the heart 
muscle (of the ox) contain less saturated acids than oleic. It is also 
noteworthy (although of minor importance for the purposes served by 
this work) that the iodine values of the organ fats are higher than 
those of the connective tissue fat. Woleke states the following figures : 
Iodine value of the fat from the liver (of a dog) 831, from the heart 
muscle 84-9, from the kidney 78-0, whereas the iodine value of the 
connecting tissue fat was 62-8. Hartley ^ found that the fatty acids 
contained in these organs absorbed from 113 to 134 per cent of iodine. 
The unsaturated fatty acids appear to undergo oxidation somewhat 
easily on exposure to air, thereby becoming to some extent insoluble 
in petroleum ether. On separating the saturated fatty acids from 
the unsaturated acids (by the lead salt ether method) Hartley obtained 
umsaturated fatty acids (from pig and ox livers) having iodine values 
from 174 to 203. The bromide test led to the couclusion that the 
umsaturated acids contain acids belonging to the unsaturated series 
C/iH 2„-802 and even CnHjn-gOj (see Chap. III.). 

In an exhaustive examination of the fatty acids of lecithin from 
pig liver fat Hartley ^ isolated the following acids: Palmitic, stearic, 
an oleic acid differing from the ordinary oleic acid, iinolic acid (possibly 
a mixture of two isomeric Iinolic acids), and an acid of tlie composition 
O 20 H 3 . 2 O 2 . Linoleuic could not be identified and is most probably 
absent. 

The ready oxidisability of the fatty acids in the “ organ fata ” 
would seem to establish a relationship with the fatty acids contained 
in liver oils, and thus point to a fact of considerable importance, namely 
that these easily oxidi.scd substances arc constituents of those organa 
of the body which are the centre of greatest metabolic activity. 

Mixed glycerides containing radicles of organic acids, other than 
those of naturally occurring fatty acids, as also mixed glycerides con¬ 
taining fatty acids radicles .side by side with the radicles of inorganic 
acids, which have hitherto not been met with in nature, will be described 
under “ Glycerol ” (Chap. III.). 

2. Properties of Natural Oils and Fats 

The natural oils and fats are distributed throughout the vegetable 
and animal kingdom from the lowest organisms up to the most highly 
organised forms of vegetable and animal life, and are found in almost 
all tissues and organs. In plants, oils and fats are deposited in con¬ 
siderable quantities in the seeds, and are associated therein with starch, 
nitrogenous substances, etc., to serve as nourishment to the embryo. 
Exceptionally, oil has been found in considerable quantities in the 

* Xeit. /. phyaiol. Vlim.t 1907 (11), 71. 

* On the nature of the fat contained in tlie liver, kidney, and Iieart, Joum. of PhysioL 
1907 (36), 18. 
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rhizomes of Cyperus esculentus, L. (See Vol. II. Chap. XIV. table 
“ Lesser Known Non-drying Oils.” *) In the animal organisms oils 
and fats are mainly enclosed in the cellular tissues of the intestines 
and in the tissues nearest the outer skin (cp. Vol. II. Chap. XIV. 
“ Animal Fats ”).—The further consideration of the “ phosphatides ” 
falls outside the scope of this work. 

The natural oils and fats may, for practical purposes, be looked 
upon as consisting in the main of mixtures, in varying proportions, 
of the triglycerides described above. Natural oils and fats must, 
therefore, not be looked upon as chemical individuals, but rather as 
representatives of natural species which, like all natural species, are 
subject to certain variations, although these be confined within com¬ 
paratively narrow limits. Thus the composition of vegetable oils and 
fats derived from one and the same species of plant will fluctuate 
somewhat with the variety of the plant, the climate, and the soil in 
which it is grown, much as the composition of animal oils and fats 
varies with the race and age of the animal, and especially with the food. 

No natural oil or fat consists of one simple triglyceride, although 
some of the vegetable fats derived from Myristicacece contain very 
small quantities only of fatty acids other than myristic. Thus 
ochoco fat (see Vol. II. Chap. XIV.) might be considered, for 
practical purposes, as consisting of pure myristin only. Until recently 
the natural oils and fats were looked upon as mixtures of at least two 
or three triglycerides, the most important of which were considered to 
be trilaurin, trimyristin, tripalmitin, tristearin, triolein, trilinolin, 
trilinolenin, triclupanodonin, and triricinolein, with which are admixed 
in much smaller quantities glycerides containing butyric acid (in 
butter fat), caproic, caprylic, capric acids (in butter fat, cocoa nut oil, 
palm nut oil), and arachidic acid (in arachis oil). In consequence of 
the discovery of mixed glycerides and the great difficulty of isolating 
pure triglycerides from the most frequently occurring fats and oils, it 
has become extremely likely that most natural oils and fats are com¬ 
posed chiefly of mixed triglycerides. At present our knowledge is 
still too limited to justify any definite expression of opinion as to the 
exact composition of the glycerides in the natural oils and fats. 

The natural vegetable and animal oils and fats are prepared by 
comparatively crude methods (see Vol. II. Chap. XIII.). Hence they 
generally contain impurities of one kind or another, such as resinous, 
colouring, mucilaginous matter, remnants of vegetable and animal 
tissues,^ etc. These can be removed for the most part by steaming or 
washing with water, followed by bleaching and filtering (cp. Vol. II. 
Chap. XIII.). But even after this purification small quantities of 
non-glyceridio substances remain dissolved. Some of these must be 

' Tlie occiirreucB of glycerides in the soil (cp. 0. Sclii’euicr and E. C. Shorey, 
Joum. A]fier. Vkem. Soc., 1911 (33), 78) is readily explained as due to accidental circum¬ 
stances. These glycerides undergo natural processes of oxidation and hence yield on 
saponification dihydroxystearic acid. 

* The small proportions of nitrogen occurring in commercial oils and fats would 
appear to be due to remnants of such tissues. G. Bouchard {Compt. rend., 1912 [154], 
1620) inclines to the opinion that nitrogen is a constituent of cdl oils and fats. 
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considered as entirely foreign (adventitious) substances, e.g. traces of 
colouring matters, cbromogenetio substances (producing tbe colour 
reactions wbicK are characteristic of some oils and fats), ethereal oils, 
resinous matters, sulphur compounds (in rape oil), and cyanogenetic 
glucosidcs as in linseed, para rubber seed, service berries, etc.^ 

Other substances are constant concomitants of the natural products, 
and must therefore be looked upon, in a wider sense at least, as con¬ 
stituents thereof. The most important of these are phytosterol and 
cholesterol, inasmuch as the presence in, or the absence from, an oil or 
fat of one or the other “ sterol ” enables us to recognise a specimen as of 
vegetable or animal origin. 

Other “ sterols,” such as bombicesterol, stigmasterol, and brassica- 
sterol, are characteristic of individual oils and fats. Volatile oils again 
are contained to a notable es;tent in the fats belonging to the Myristica 
group. The volatile oil contained in crude cocoa nut oil has been 
identified as consisting principally of methylheptylketone and methyl- 
nonylketone (which occur also in the essential oil of rue). Less im¬ 
portant, from the practical point of view of this work, amongst the 
constant constituents is lecithin, which occius in fats and oils in 
extremely small quantities. 

Midway between the last two groups—adventitious substances 
and constant concomitants—stand hydrocarbons,^ and aliphatic alcohols 
(such as melissylalcohol and cerylalcohol). Probably these substances, 
forming as they do common constituents of vegetable and animal 
tissues occur more frequently in natural fats and oils than has been 
ascertained hitherto, as, on account of their small quantities, they 
have not been isolated and examined separately, being generally com¬ 
prised, together with phytosterol and cholesterol, under the substances 
determined as “ unsaponifiable matter.” Hydrocarbons, which may 
possibly furnish a means of identifying individual oils and fats, have 
been isolated from parsley seed oil, laurel oil, cacao butter, kflsam seed 
oil and from cantharide oil, Melolontha oil (see Vol. II. under these 
headings). Indeed considerable amounts of hydrocarbons appear to 
be characteristic of all insect fats (see chrysalis oil, cantharide oil, 
Melolontha oil), as also of waxes from insects. 

Also ketones, secondary alcohols (possibly formed from aldehydes), 
have been found in oils (cocoa nut oil), their presence doubtless being 
due to their slight solubility in the oil. 

Oils and fats of vegetable origin, even in their fresh state, mostly 
contain appreciable quantities of free fatty acids. {Rechenberg ® 
showed that the amount of free fatty acids is larger in unripe seeds 
than in ripe ones. In seeds which have been gathered in the unripe 
state chemical changes take place, resulting in a decrease of free fatty 
acids with the formation of more neutral fat.) This appears to be due 
to the fact that the seeds contain enzymes which hydrolyse glycerides 

^ Cp. T. A. Henry, Science Progress, 1906, July.—C. Ravenna and M. Zamorani, AUi 
Accad. d. Line., 1910, 10 (ii.), 360. 

* Cp. J. Klolib, J. Gamier, and R. Ebrweio, " Hydrocarbons of Vegetable Origin," 
J(mTn. Chem. tSoc., 1910, Abstr. ii. 1100. » Berichie, 1881, 2217. 
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(cp. p. 49), carbonic acid, which is always present,' supplying the acid 
necessary for initiating hydrolysis (cp. p. 60). When sufficient water 
is present, the hydrolysis will progress somewhat rapidly. The ex¬ 
ceptional occurrence of diBruoin in rape oil is rightly ascribed by Eeimer ^ 
to the fact that the rape seed from which that specimen of rape oil was 
obtained had become moist during transport. 

Animal fats, when freshly rendered, contain but very small quantities 
of .free fatty acids. For practical purposes they may therefore be 
considered as consisting entirely of neutral glycerides. If, however, 
the fats are exposed to the atmosphere, the formation of notable 
quantities of free fatty acids takes place readily (see below). 

In their liquid state fats penetrate easily into the pores of dry 
substances; if dropped on paper they leave a translucent spot— 
grease spot —^which cannot be removed by washing with water and 
subsequent drying (difference from glycerol spots). 

A curious effect, cau.sed by the presence of the minutest quantities 
of oils and fats, has been described by lAghtJoot. Camphor, crushed 
between layers of paper without having been touched with the fingers, 
rotates when.throwu on to water, but a trace of oil or fat on the surface 
of the water causes the rotation to cease immediately; it is sufficient 
to touch the water with a needle which has been passed previously 
through the hair. 

Oils and fats in their pure state are odourless, colourless, and taste¬ 
less ; and what is usually regarded as characteristic in these respects 
of the different oils and fats, is really due to the presence of extremely 
small quantities of foreign substances. 

The specific gravity of oils and fats varies between the limits 0'910 
and 0-970 at 60° F. (cp. table, Chap. V.). 

The freezing points of those oils which are fluid at the ordinary 
temperature range from a few degrees above zero down to -28° C. 
(linseed oil). The melting and solidifying points of the natural oils 
and fats are given fully in Vol. II. Chap. XIV. under the heading of 
each individual. 

Oils and fats pass through all gradations of consistence, from oils 
which are fluid even below the freezing point of water, up to the hardest 
fats which melt at about 50° C. Hence no sharp distinction can be 
made between oils and fats (cp. p. 3). Nevertheless it is convenient 
to apply the term “ oil ” to those glycerides which are fluid below 
about 20° C., and the term “ fat ” to those which are solid above that 
temperature. Hard fats which have been melted by warming solidify 
somewhat slowly. 

If the cooling takes place gradually, solid glycerides separate in a 
crystalline or semi-crystalline state, so that the liquid portion can be 
separated mechanically from the solid portion by filtering (filter-press¬ 
ing). This operation is frequently employed on a large scale, e.g. in 
“ demargarinating” edible oils (cotton seed oil) or “racking” oils 
' Cp. Urbaiu, CmipU read, 139 (1904), 606 ; cp. also below. 

» BerfcWe, 1907, 266. . 
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(cod Uver oil) (see Vol. II. Chap. XIII., Vol. III. Chap. XV.). The 
solid glycerides so obtained were formerly looked upon as consisting 
chiefly of stearin or palmitin (“ margarine ”) or mixtures thereof. 
Hence, in commerce all solid fats prepared in the manner described are 
termed “ stearine ” (“ margarine ” *). In consequence of the discovery 
of mixed glycerides, this view must be abandoned; further research 
will most likely show that the “ stearines ” differ chiefly in their contents 
of mixed glycerides. 

The refractive power of oils and fats, their action on the plane of 
polarised light, their microscopic appearance, and other physical 
properties, including the viscosity of the oils and fats, will be dealt with 
in Chap. V. 

Natural oils and fats in their fresh state may be considered as being 
completely insoluble in pure water, although traces are dissolved when 
they, especially the oils (liquid fats), are shaken with large quantities 
of water. On allowing the emulsions thus obtained to become clear 
by standing, subsequently separating the fat, filtering the aqueous 
layer, and shaking the latter with etlier, a minute quantity of fat will 
be found to have passed into that solvent, and can he recovered by 
evaporating the ether. On the other hand, oils and fats dissolve a 
little water; this can be entirely expelled on warming above 100" C. 
Certain substances have the property of increasing considerably the 
emulsifying power of water if brought into intimate contact with oils 
and fats (see “ Emulsified Oils,” Vol. III. Chap. XV.). 

With the exception of castor oil, oils and fata dissolve but very 
sparingly in cold alcohol. Boiling alcohol, however, dissolves .some¬ 
what larger quantities, especially of those oils and fats which contain 
glycerides of the lower fatty acids ; on cooling, nearly all the dissolved 
fat separates out. (The separation of natural oils and fats into more 
easily soluble and sparingly soluble glycerides by means of alcohol is 
used as an analytical means in the examination of edible fats, cp. 
Chap. V.). The solubility is considerably increased by the presence 
of free fatty acids; if the amount of the latter be large, exceeding 
about 30 pet cent, even cold alcohol will readily effect dissolution. 

Oils and fats dissolve very readily in ether, petroleum ether, carbon bi¬ 
sulphide, chloroform, carbon tetrachloride, trichloroethylene (and its 
congeners ^), benzene, and parajjin oils. Castor oil, however, forms an 
exception as regards petroleum ether and paraffin oils (cp. Vol. II. 
Chap. XIV. “ Castor Oil ”). Triacetin is insoluble in carbon bisulphide 
and in petroleum ether. Further information as regards solubility 
will be found in Chapter V. 

The solutions of neutral oils and fats are without action on indicators 
(provided, of course, the solvents used have been completely freed 
from traces of acids). 

Dry oils and fate do not suffer any loss when heated to a temperature 

* Stearin, palmitin, acetin, etc. (spelt without nn “o”), denote in this work the 
pure triglycerides, whilst under “stearine,” “acetine,” commercial products are under¬ 
stood, the coin]) 08 ition of which diifers considerably from the corresponding triglycerides. 

« Cp. Vol. II. Chap. XIII. 
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of 120'’-160° C. Oils and fats containing glycerides of lower fatty acids 
suffer loss at about 200° C. 

Provided prolonged contact with air is avoided, most oils and fats 
can be heated to a temperature of about 260° C. without chemical 
change. (Some oils and fats become paler in consequence of the 
destruction of dissolved colouring matter, e.g. linseed oil.) On being 
heated above 250° C. up to 300° C. in the absence of air, some oils, 
especially the drying oils, undergo a change which is very likely due to 
polymerisation. Thus, tung oil (cp. Vol. II. Chap. XIV.) is converted 
into a gelatinous solid mass. The industry of preparing lithographic 
varnish is based on this reaction (Vol. III. Chap. XV.). In the case 
of castor oil, the chemical change even leads to the formation of solid 
products. The condensation can be a.ssistcd in some cases by the 
addition of “ condensing agents,” such as concentrated sulphuric acid, 
aluminium chloride, and zinc chloride (cp. Vol. III. “ Polymerised 
Oils”). 

When the heating is continued beyond 250° C., decomposition sets 
in, with the formation of volatile products, the most prominent of 
which is acrolein. For this reason attempts made by several observers 
to distinguish or value fatty oils by their “ Hashing points,” as is done 
in the case of mineral lubricating oils (see Vol, III, Chap. XV.), must 
be looked upon as having, as a rule, very little importance. In excej)- 
tional cases only, depending on the application of the oils and fats to 
certain technical processes, the flash point, as also the ignition point, 
must be taken into account.* The intense odour of acrolein, which all 
fats emit on being heated above 300° C., is one of the most characteristic 
reactions, enabling one to distinguish rapidly fatty oils and fats from 
mineral and ethereal oils. Amongst the volatile products obtained on 
heating oils and fats to high temperatures have been found, in addition 
to volatile acids and sebacic acid,^ hydrocarbons of the ethane, ethylene, 
and aromatic .scries (and perhaps also naphthenes), the quantity of 
which is considerably increased when the destructive distillation takes 
place under pressure. This fact lends strong support to the theory 
that petroleum hydrocarbons owe their origin to the destruction of oils 
and fata.® The vegetable fats generally offer greater resistance to this 
conversion into hydrocarbons under pressure than do animal oils and 
fats. If an optically active fat is distilled destructively the hydro¬ 
carbons formed exhibit optical activity (Lewkou'iisch*). Before gas¬ 
making from coal was generally adopted, illuminating gas was frequently 
prepared from fatty oils ® by distilling them destructively. If such 
distillation be carried out in the presence of solid substances, especially 

^ The flash points of fatty oils, provided all volatile impurities have been removed, 
lie in the neighbourhood of 600" F. 

^ Op. Redtenbacher, Liilig's Amud., 1840 (35), 190. 

® Cp. Lewkowitsch,/ohriacA tfer Chemk, 1907, xvii. 415. 

‘ BericAte, 1907, 4161. 

“ The manufacture of gas from fatty oils was introduced by John Taylor in 1816. 
In this eomiection it may be interesting to state that Faraday discovered benzene in 
condensed gas made from whale oil. Eveu at present ** oil gas ” is made from cocoa nut 
oii in the Philippines; cp. also ** Gasification of Castor Oil and of Cod Liver Oil,” P. 
Dvorkovitch, Joum, Soc. Chm. Jnd,, 1893, 409. 
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of such, as may act as catalytic substances (“ kieselguhr ” or hydro¬ 
silicate), destructive decomposition of the oils and fats occurs at a lower 
temperature than in the absence of those sohd substances. Thus 
N. Hviid * has shown that from 10 grms. of lard treated with 60 grms. 
of a hydrosilicate known as “ Pfirschingcr Erde ” (“ Franoonit ”), after 
heating to 260° C. for 45 minutes, 196 com. gas were evolved, whereas 
lard without “ Franconit ” had to be heated to 366° C., and only then 
after the lapse of 100 minutes evolution of gas commenced. Whereas 
lard alone could be heated (under the conditions of the experiment) to 
376°-380° C. without any hydrocarbons passing over, the same treat¬ 
ment in the presence of “ Franconit ” yielded at 350° C. a distillate 
consisting chiefly of hydrocarbons. It would appear that the 
decomposition of the glycerides with formation of free fatty acids in 
the presence of the “ earth ” provided a sufficient amount of free fatty 
acids to act on calcium carbonate, most likely present in the earth, 
thus leading to the formation of lime soap, which is decomposed to 
hydrocarbons at a lower temperature than that at which the glycerides 
are broken down (cp. below, p. 141). 

This view is confirmed by experiments Hviid made with oleic acid 
(cp. below, p. 180). 

On exposure to the atmosphere oils and fats gradually undergo 
certain changes. As these changes are of great importance, both from 
the scientific and commercial point of view, it will be necessary to 
consider them at some length, devoting special attention to the influence 
which light, air, and moisture exert, separately and conjointly. 

The action of light alone, whilst air and moisture are excluded, has 
hitherto not been studied thoroughly. It is well known that oils and 
fats acquire a paler colour under the influence of insolation, some oils 
even becoming colourless. The application of insolation to industrial 
purposes is well exemplified by the bleaching of linseed oil, cod liver 
oil, and olive oil under glass or in glass bottles (cp. Vol. II. Chap. XIII.). 
Since pure glycerides are themselves colourless, the light can only affect 
the foreign substances dissolved in them. This is further proved by the 
fact that insulated cotton seed oil does not reduce silver nitrate (in 
Becchi’s test, Vol. II. Chap. XIV.) so readily as does cotton seed oil 
kept in the dark, and that exposure to light destroys those minute 
traces of chromogenetic substances which give rise to colour reactions 
that were for a long time, erroneously, considered as characteristic. 
Possibly this specific action of light is due to the ultra-violet rays it 
contains (see below). Other statements as to the effect of light, such 
as the development of greater heat in Maumem's test by oils exposed 
to sunlight, or the formation of small amounts of free fatty acids 
{BaUantyne^), still require verification, as the air was not excluded 
rigidly enough in those experiments upon which the conclusions were 
based ; for even in corked bottles, kept in direct sunlight, diffusion of 
ait through the cork takes place in course of time. Nor was the influence 
of temperature ascertained in these experiments. Therefore, the 

> Petroleum, 1911 (6), 129. 

* Joum. Soc. Ckeni. /n4., 1891, 29. 
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observed changes are most likely due to the joint influence of light 
and air, and probably also to that of moisture contained in the latter. 

The effect of light alone on oils has been studied by Ritsert} His 
experiments proved that, provided air be rigidly excluded, as is the 
case in sealed glass tubes, even prolonged insolation is incapable of 
producing a change which would lead ultimately to rancidity. Mjom ® 
instituted similar experiments, but no definite conclusions can be 
drawn from them beyond the inference that the chemical change which 
takes place under the action of light in presence of air differs from that 
occurring in absence of light. There is no satisfactory evidence to 
support the contention that polymerisation of glycerides {e.g. in linseed 
oil) is produced by light alone ; it is desirable that our scanty knowledge 
on this subject bo supplemented by systematic study.* 

Eontgen rays are' stated to be practically without action on oils 
and fats. Ultra-violet.rays, however (“ Uviol light ”), seem to exert 
a strong bleaching effect, which is not confined to the chromogenetic 
substances, but appears to lead to hydrolysis of the glycerides and 
also, in given cases, to their polymerisation. The hydrogen peroxide 
formed under the influence of the “ uviol light ” exerts an oxidising 
action simultaneously (cp. Vol. III. Chap. XV.; cp. also “ Uviol 
Oils,” Vol. II.). 

The statement by some writers that “ uviol light ” converts oxygen 
into ozone, which latter acts on oils and fats, has been controverted by 
other observers. 

When studying the effect of air* we must clearly discriminate 
between the influence of the ordinary atmosphere—which necessarily 
includes the action of oxygen, moisture, and light (diffused daylight, 
direct sunlight)—and the influence of dry air, to the exclusion of 
moisture and light. The effect of the atmosphere on oils and fats 
varies in a very marked degree with the chemical composition of the 
glycerides. As a general rule, it may be stated that the greater the 
proportion of unsaturated fatty acids in oils and fats (as measured by 
their iodine absorption, cp. Chapter VI.), the greater is their power 
to absorb oxygen. The chemical change is most marked in the case 
of drying oils ; it becomes gradually less pronounced with the decrease 
of the power of absorbing iodine, as we pass through the classes of 
semi-drying oils and non-drying oils down to the solid fats. Marine 

^ UnUrsuchungen iiber d. Ranzigv'e.rdcii der Fettf, luftug. Dissert., Berliu, 1890. 

^ Forschungsher. aber Ld)eiisinittel, etc., 1877, 196. 

3 ijp. Winkel, LUgc Congress^ 1905, sect. v. 387 ; Ditz, Che^n, Zeit., 1905, 709 ; 
Drowte, Apothek. Zeit., 1907 (22), 598. 

* With regard to the solubility of air m fats, H. M. Vernon {Proc. Roy. Soc., 1907, 
79, B. 306) finds that 100 c.c. of olive oil, cod liver oil, and of lard, when shaken up with 
air, dissolve the following amounts of oxygen, nitrogen, and carbon dioxide :— 



Olivo Oil. 

Cod Liver Oil. 

Lard. 


At IV C. 

At 87^ C. 

At 16” 0. 

At 37” C. 

At 45' C. 


C.C. 

C.C. 

C.C. 

C.C. 

C.C. 

OxyROD . 

. 2-28 

2-38 

2-29 

2-22 

2-33 

Nitit^en 

6-20 

5-10 

5 06 

8-08 

511 

Carbon dioxide . 

0-20 

0-ie 

0-21 

0-21 

0-13 


(As to the connection of the solubility of air in fats and the “caisson-disease," cp. 
Vernon, Lancet, 1907.) 
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animal oils occupy a position similar to that of drying oils. The oxygen 
absorption power of the various oils and fats will be considered at length 
in Chapter VII.; therefore, a brief statement may suffice here. Drying 
oils thicken at first and form an elastic skin on the surface. If exposed 
in sufficiently thin layers, as for instance, if spread on wood or glass, 
they are finally converted into a transparent, yellowish, flexible sub¬ 
stance, insoluble in water, alcohol, and also, to a very great extent, in 
ether. Whilst this energetic oxidation takes place, heat is developed 
to such a degree that if the drying take place in presence of organic 
substances in a fine state of division, offering a large surface to the 
atmosphere (cotton waste,* woollen rags), spontaneous combustion 
will ensue. The non-drying oils remain more or less unchanged. The 
semi-drying oils occupy an intermediate position. The gradations 
between the various classes are, however, by no means so distinct as 
to warrant the drawing of hard-and-fast dividing lines between the 
three classes. 

The action of air is intensified by spreading oils and fats over finely 
divided metals ^ (lead powder, copper powder; see Limehe’s test. 
Chapter VII.), the metals acting as accelerators or catalysts (see 
Chap. VII. “ Oxygen Absorption ”). 

If air under very high pressure is allowed to act on oils and fats 
the evolution of heat may rise to such an extent that the oils and fats 
are burnt up completely to carbon dioxide and water (Application of 
oils and fats in the Diesel Engine). 

Dry air, to the exclusion of moisture and light, has no action on 
oils and fats. Therefore they will remain unchanged for practically 
an indefinite length of time if kept protected from moisture and light. 
It is very difficult to exclude the last traces of moisture when storing 
oils and fats ; hence such traces of moisture may exercise a .slight action 
in the manner described in the following paragraph, that is to say, 
small amounts of fatty acids will be formed, but no rancidity will 
set in. This is a matter of common experience, and has been demon¬ 
strated by Lewkmoilsch * in the special cases of a linseed oil kept for 
thirteen years in bulk, and of a sample of cacao butter kept in a scaled 
bottle for ten years. 

The effect of moisture, which is always present in the atnjosphere, 
is a far-reaching one. In order fully to understand its effect, it is 
necessary to consider first the action of water on oils and fats. 

At temperatures up to about 150° C. water does not attack glycerides, 
but if the temperature be raised to 200° C. or more, the triglycerides 
are finally decomposed (hydrolysed) into their proximate components, 
glycerol and fatty acids, whilst the elements of water are assimilated. 
This action appears to have been observed first hy Apperl in 1823. It 
is expressed by the following equation (cp. Chap. II.):— 

C.Hj(OE),-|- 3H. OH=C,H,(OH),-p 3R. OH. 

’ Cotton IB much more liable to siiontaneous combustion than arc wool and silk. 

^ Cp. W. van llijn, Pha-m. Weekblaad^ 1908, 846. (Action of sesame and castor 
oils on zinc, and of olive oil on htiely divided metals.) 

’/oura. Soc. Chm. ItuI., 1899, 667. 
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The hydrolysis thus produced at high temperatures is greatly 
accelerated if the action of the water is assisted by suitable chemical 
agents (catalysts). If such agents are present, it is possible to reduce 
the temperature. Thus, by the assistance of concentrated sulphuric 
acid, the chemical change may be effected at a temperature of about 
120° C. (True, some intermediate products are formed, but the full 
mechanism of the reaction need not concern us here, inasmuch as, on 
boiling with water, these intermediate products are ultimately decom¬ 
posed into glycerol and fatty acids.) The temperature required for 
the chemical change may be further reduced to about 100° C. by employ¬ 
ing strong hydrochloric acid.^ A still further reduction of temperature 
can be effected by the introduction of strong bases in alcoholic solution 
(see Chap. II.). 

Finally, the change may be brought about by water even at the 
ordinary temperature, if naturally occurring ferments, such as lipa.se ^ 
or steapsin,^ are intimately intermi.ved with the oils and fats. Fat¬ 
hydrolysing enzymes seem to occur in most, if not in all, oleaginous 
seeds (see p. 42), and no doubt play an important part in the utilisation 
of the fatty reserve products stored in the seeds. During the germina¬ 
tion of the seeds, hydrolysis takes place, and free fatty acids are 
liberated ; hence, it appears very likely that the presence of small 
quantities of free fatty acids, wliich are always found in, even the 
freshest, vegetable oils and fats (see p. 43), is due to the action of those 
enzymes on the glycerides stored in the seeds. The absence of suitable 
conditions in ungerminated seeds would appear to limit very sensibly 
the progrc.ss of hydrolysis. Such conditions are the presence of suIRcient 
water and of small amounts of a mineral acid (carbonic acid, cp. p. 43), 
or of a strong fatty acid (such as acetic acid). If water acidulated with 
small quantities of such acids be churned up with oils and fats, and 
suitable enzymes be introduced, hydrolysis of the glycerides takes 
place gradually at first, but can be carried to a considerable extent 
within a comparatively short time (see Chap. II.). Thus, the ferment 
contained in castor seed^ is capable of effecting practically complete 
hydrolysis in the course of a few days. Similarly acting ferments, 
such as “ catalase,” ® may reasonably be assumed to be contained in 
commercial animal fats to a le.ss or greater extent, according to the care 
exercised in the separation of the animal tis.sue from the rendered fat. 
Indeed Pagenstecher’’ has shown since, that lipolytic ferments occur 
not only in the liver and intestines but also in the ti.s.suea of the body. 

Accepting, then, as a fact the occurrence of small quantities of 
fat-hydrolysing enzymes in those commercial oils and fats which have 
not been heated to such temperatures that inhibition of the enzymic 

* Lewkowitseh, Journ. Soc. Ckem. 1903, 6, 

** Cp. Grueu, The Soluble Ftmtents and Fermentation, Cambridge, 1899, 

* Lewkowitscli ami Macleod, Frae, Roy. Soc., 1903 (72), 81 ; cp. Chap. II. ; cp. also 
Lewkowitseh, “ Le.s Corp.s gras. Conlerence,” Rnlt. .See. Chim. de France, 1909, xv, 

* Cp, D. Brnschi, “ Ricei che fi.siologiche Sulla germiliazione dei .semi di Ricioo,” 
Annali di Botaniea, 1908, 199. 

* Connsteiii, Hoyermanii, and IVartenberg, Bcrichie, 1902, 3988 ; Hover, ibid., 
1904, 1436. 

4 Cp. Liehermann, Berichte, 1904, 1619. i Biockeni. Zdtsch., 1909, 306. 
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action must set in, we shall he able to understand those changes which 
oils and fats undergo on exposure to the atmosphere. As is well known, 
they thereby acquire a disagreeable smell and an acrid taste ; and the 
presence of free, non-volatile fatty acids, as also of small quantities 
of volatile acids, can be observed. We comprise these changes under 
the term “ rancidity,” and we say: the oils and fats have become 
“ rancid.” In order to arrive at a satisfactory explanation of these 
changes, I propose to trace the effects of each of these agents in detail, 
step by step, and to examine how far such an explanation agrees with 
actual observations. 

In the presence of sufficient moisture and acid, enzymes are capabW 
of accelerating hydrolysis so that a certain proportion of the glycerides 
may give ri.se to the production of diglycerides, monoglycerides, and 
free fatty acids within a comparatively short time (a few days or a few 
weeks according to the special conditions). Hence the first j>oslulaie 
is that free fatly acids should make their appearance. 

It is well known that oils and fats, if kept fully protected from light, 
air, and moisture, retain indefinitely ^ their state of neutrality, whereas 
if they are not carefully preserved, moist air easily gains access (as in 
imperfectly corked bottles, barrels, etc.), and free fatty acids, of the 
same composition as those which are combined with glycerol in the 
neutral fat, are produced. The quantity of enzymes in filtered com¬ 
mercial oils and fats being very small, the amount of hydroly.sis effected 
thereby is restricted ; hence the proportion of free fatty acids in com¬ 
mercial oils and fats does not, as a rule, exceed a few per cent. If, 
however, oils and fats be allowed to remain in contact with the organic 
matter from which they have been obtained, such as the marc of fruits 
(as in the case of olive oil, palm oil, cocoa nut oil), or animal tissues (as 
in the case of “ rough fat,” blubber, fish livers), or casein (as in the case 
of butter), etc., the hydrolysis of the glycerides increases somewhat 
rapidly, and may reach very high proportions. Thus the so-called 
bagasse olive oils, i.e. oils expressed from exposed olive marc (cp. 
Vol. II. Chap. XIV. “ Olive Oil ”), contain as much as 70 per cent of 
free fatty acids. Palm oil may even undergo complete hydrolysis, and 
hence cousist almost exclusively of fatty acids ^ (cp. also Vol. II. 
Chap. XIII. “ Oil Cakes ”). Similar instances are presented by the 
lower qualities of fish, seal, whale, and cod liver oils (see Vol. II. Chap. 
XIV.; cp. also chrysalis oil, neats’ foot oil, lard grease). In all these 
cases we can satisfactorily explain the formation of a high proportion 
of fatty acids by the conjoint action of water and enzymes.^ It appears, 

* Wiguer and Church {Analyst, 1888, 17) found in a specimen of melted Initter fat 
taken from an Egyptian tomb {of Queen Hasheps of the 18th dynasty ; about 400 or 
000 D.c.) 86 per cent of insoluble fatty and 8 per cent of soluble volatile acids. 
Similarly, Friedel {Coinpi. rend., 1897 (124), 648) found unchanged triglycerides in the 
fatty matter burie<l several thousand years ago in the tombs of Abydos; cp. Berthelot, 
Compt. rend., lOOfi (140), 177 ; cp. also W. A. Kchmult, Chan. Xext., 1908, 769. 

^ Adipoccrc (cp. Vol. II. Chap. XJV. “Human Fat”) is another illustration of what 
may be termed auto-hydrolysis; cp. also Gregory, Liebig's AiineU. 61 (1847), 862; 
Wetherill, Transactions Amer. Philos. Soc. xL 

Pclouzc and Boiniet assume the presence of a ferment in palm oil. With regard to 
the ferment “olcase” in olive marc see Vol. II. Chap. XIV. Tlie property of the pan¬ 
creatic ferment to hydroly.se neutral fats was discovered by Claude Bernard in 1849. 
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therefore, unnecessary to invoke the action of air and light in order to 
explain the presence of free fatty acids. Thus it has been frequently 
observed that the hydrolysis of palm oil continues in the closed casks 
{i.e. in the absence of light and practically also of air) in> which it 
is shipped, and that the liberated glycerol separates out {Geitel'^). 
Furthermore, Dieterich^ has shown in a very instructive series of 
experiments that free fatty acids are formed much more rapidly in 
rough beef fat and pig’s fat—still containing animal tissue—than in 
freshly rendered fat, and that by the addition of 10 per cent of water 
to both the rough fats and the freshly rendered fats, the rate of hydrolysis 
■Vas increased considerably. When enzymes are absent, or the con¬ 
ditions are unfavourable for their action, the hydrolysis by moisture 
alone—which may be aptly termed auto-hydrolysis—may require a 
very long time indeed. Cases of this kind are furnished by the formation 
of adipocere (see Vol. II. Chap. XIV. “ Human Fat ”) and “ bog 
butter ” (i.e. butter buried for many centuries in Irish bogs), both of 
which consist almost entirely of free fatty acids.® 

I therefore ascribe the primary cause of rancidity, namely, the 
formation of free fatty acids, to the action of moisture * in the presence 
of soluble ferments,® which act as catalysts or accelerators. It is true 
that both Ritsert * and Reineimnn ^ distinctly stated that ferments ■ 
have no share in causing rancidity, but their experiments with regard 
to this point are not exhaustive enough to prove their contention. 
The different keeping properties of “ Neutral Lard No. I ” (see Vol. II. 
Chap. XIV. “ Lard ”) on the one hand, and of “ Steam Lard ” on the 
other, are best explained by assuming that in the former case the 
enzymes are not destroyed completely at the low temperature at which 
the fat is rendered, whereas in the latter case the steam lard, being 
rendered at a temperatme of 100°-120'’ C., becomes more immune, and 
will “ keep ” under favourable conditions for weeks. In confirmation 
of this view it may be pointed out that Zoffmann ® has shown that some 
fungi ® are not killed at those temperatures at which oils and melted 
fats are mixed and churned with milk in the manufacture of margarine. 
More striking still is the observation of Victoita:*® that castor seed 

* Journ.f. prakt. CImn,, 1897 [C5], 417. 

* Chem. Itev.y 1899, 168, 181, 201, Cp. Lewkowitsch, Jahrbuch d. Chem,. 1899 (lx.), 
351. For similar experiments by Pastrovich, Mondish./. C'/im., 1904, 355. 

“ Cp. Wigiier and Cliurcli, A nalyst, 1880, 17 ; Raddiffe and Maddocks, Journ. Soe. 
Chem, Ind., 3 907. In this connection it may be noted that Jiiunemann (1866) showed 
that mutton tallow could bo hydrolysed by cold running? water. 

* It may bo pointed out hero that it is very difficult to remove the last traces of 
moisture*from commercial products (see Vol. IT. Chap. XJV. “Lard"). 

® Pageustechor, liiochem. Zeits., 1909 (18), 285, showed that all organs of neat 
contain lipolytic ferments. Op. also E. Pennington and S. Hepburn, Joum. Anier, 
Chem. Soc., 1912 (34), 210. 

® Unlersuckunyen 'uber d. Ramsigtverden d. Fette, Inaug. Dissert., Berlin, 1890. 

’ Centralh.f. Bakteridogie, Parasitenkunde und Infekiionskrankheiten, 1900, 131, 

* Ckern. Rev., 1904, 7. 

® Seeds of a species of Trifolium were heated by Just (iu 1877) to 120° C. without 
losing their power of development. Dixon showed that several kinds of seeds could 
withstand a temperature of 105° C. without Injury, for several hours {Nature, 1909, 
November, p. 100. Cp. also J. Wliito, Proe. Roy. Soc. 81, 417. 

d I'Uude de la sapmificalim des corps gras, Paris, 1906, p. 80. 
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“ cytoplasma,” which, under suitable conditions, causes rapid hydrolysis 
of oils and fats, if suspended in oil, may be heated for twenty hours up 
to a temperature of 100° C. or for fifteen minutes to 110° C. without 
losing its fat-hydrolysing power. In the presence of water, however, 
the lipolytic activity is lost completely at a temperature of 65° C.' 
(cp. Vol. III. Chap. XV. “ Manufacture of Fatty Acids ”). 

The occurrence of small quantities of free fatty acids, even in 
refined oils and fats (edible oils and fats), would thus be explained. 
Yet these oils and fata are by no means rancid. Indeed the presence of 
the free fatty acids imparts a slight, not unpleasant, flavour ; for it is 
well known that completely neutral oils and fats have an insipid taste. ‘ 
Heyenlahl ^ has shown that the addition of cod liver oil free fatty acids 
(from 2 per cent downwards) to a cod liver oil free from rancidity, did 
not impart to the oil a rancid character, although it certainly produced 
a sharp taste. Furthermore, Lewhowitsch^ has shown in the case of a 
specimen of cacao butter that, although the fat contained free fatty 
acids, it was not rancid.^ 

Hence, rancidity is not due, as is still widely believed, to the presence 
of free fatty acids alone ; in other words, rancidity must not be con¬ 
sidered as coterminous with acidity. The frequent confounding of these 
two terms is caused by the fact that acid oils and fats are frequently 
rancid as well. It is only when oxygen and light gain access to the 
acid fats that the conditions favouring the setting in of rancidity are 
provided. Rancidity is rather due to the direct oxidation of free fatty 
acids by the oxygen of the air, assisted and intensified by the e.3(po.sure 
to light. Oxygen and light must act simultaneou.sly, either of these 
agents alone being unable to produce rancidity (liitserl ); hence, the 
greater the surface offered to the atmosphere, the more rapidly will they 
be able to exercise their influence. 

I therefore define as rancid those oils and fats, the free fatty acids 
of which have been acted on by the oxygen of the air, in the presence 
of light. Similar explanations have been given before, and the oirly 
new element I can claim here would consist in ascribing more emphatic¬ 
ally than has been done hitherto the initial phase of rancidity, namely, 
the hydrolysis, to the accelerating action of enzymes.^ To leave out 

^ The.se facts arc iu good fgjreement with the observations made i)y Ducluux {TrniU 
de miayMoltnjie, 1899, vol. ii. 198) when heating diasta-ses in a dry state, as also with 
the well-known resi.stancc to liigh teiniicratiiivs of spores, such as those of the hay- 
bacillus and of other low organisms. Cji. Hnei>pc, Jo\irn. (Jhem. *SV., 1882, Abst. p. 317 ; 
Dunbar, (JentmJb. f. Ai/rikuUnrchemi€f 1885, 677. 

Jviirn. Siic. (Jhem. Ind., 1889, 54. Op. also Besana, Chem. Jieit., 1891, 410, and v. 
Klecki, Ze.its.f. unalyt. Che.m., 1895, 633. 

Joimi. iioc. Chevi. but., 1899, 557. 

^ The observation matle by Ballantyne [Journ. Hoc. Chem. Ind., 1891. 29) that in 
several instances {olive oil, cotton seed oil, linseed oil) rancidity set in and contiifued for 
some time without the liberation of any free fatty acid whatever, was not corroborated 
by titration nuuiliers; after ii few months, however, liberation of free fatty acids was 
observed. An exidanation may be aHovded by assuming that the minute amounts of 
free fatty acids formed were immediately further broken down with the formation of 
those substances which cause rancidity. 

^ Lewkowitsch, Jimrn. Hoc. Chem. hul., 1903, 68: Jnhrhcch d. Chemie, 1897 (7), 
368 ; 1898 (8), 392 ; 1899 (9), 351 ; 1900 (10), 382 ; 1901 (11), 360; 1902 (12), 363 ; 
Conference. livll. Hoc. Chim. de France, 1909. 



RANCIDITY OF OILS AND FATS 


53 


older statements, Dudaux ^ derived from an extended experimental 
research the conclusion that rancidity is due to slij^ht hydrolysis and 
the subsequent action of the oxygen in the air assisted by light. Geitcl ^ 
has further elaborated this explanation by laying stress on the inlluence 
of moisture in the initial stage of hydrolysis. 

Some authors maintained that rancidity is due to the action of 
micro-organisms; this view seems to have been supported by the 
discovery of living micro-organisms® in poppy seed oil {Kirchner^), 
and by a number of observations made on butter. (Butter, however, 
containing as it does, in addition to water and enzymes, a con-siderable 
amount of organic, non-fatty substances, cannot be placed in the same 
line with oils and fats which we are considering, for it is butter fat and 
not butter with which we arc concerned here.) The same would apply 
to the destruction of oil in oil cakes.® It is quite true that bacteria 
hydrolyse fats to a great extent (cp. Vol. 111. Chap. XVI. composition 
of “ Sewage Fats ”), and then further act on the products of hydrolysis, 
but they accomplish tliis only when suitable nutriment is offered to 
them with the fat.^ In that case the micro-organisms will grow, and 
as all the necessary conditions arc provided, free play is given to those 
agencies which produce rancidity. It may, however, be left an open 
question as to whether these changes arc due to the direct action of 
the living organisms, or rather to the action of an enzyme produced by 
them, much as the alcoholic fermentation of sugar can no longer be 
ascribed to the action of the living .saccharomyces cells, but rather to 
the zymase produced by them."^ in confirmation of this view it may 
be stated that Dudaux ® proved in an investigation on butter fat that 
micro-organisms play no part in producing rancidity, since butter fat, 
being insoluble in water, does not afford sufficient nutriment to the 
protoplasma of the cells. (It may be repeated, experiments made on 
butter® do not controvert this.) )Similar proof has been given by 
Uitserty^^ who showed that pure lard is not turned rancid by bacteria, 
be they aerobic or anaerobic, as the bacteria introduced into the fat 
die quickly. 

Liquid fats—oils—turn rancid more readily than solid fats. This 
cannot be conditioned by the chemical composition alone, but appears 

’ Annoles de 1'Iii.Uitut Padear, 1887 ; Compt. rend. {102), 1077. 

Joum./. prakt. dim., 1807 ISf)], 448. 

For ;i commercial application c>t‘ the action of micio-orgiinism.s on oil.s and fats cp. 
Meiisel, French patent 330,389 ; English patent 7110, 1903 ; Gorman patent 149,822. 

* iierichte der deiUsch. botau. C/aellscha/t, 1888, 101. 

^ Cp. JCiiiug, Spieckermann, and Bremer, “ Dio fettverzehronden Kleinwcsen,” 

/*. UnUrs.d, Ni^injs- u. OWnwm., 1901, iv. 721 ; E. Ue Krnyll', Build. Depart, de I'Agric. 
aux Iiules neerl., 1907, 9. 

* Cp. ychmiilt, Flora, 1891 (74), 300. A. Spieckenn.'inn, ZciU.f. llnters. d. Nahrgs- 
u, Oniicam., 1912, xxiil. 305. 

^ Sitnilarly Piedalhi ascribes the fat-hydrolysing action which undoubtedly occurs in 
the first stipes of chamoising skins (see Vol. Ill, Chap. XVI. “feiud Oil and Degrus”) 
to an “oxydase" secreted by the ascomyeetes—Monascus purpuieus; cp. also N. L. 
Soohngen, Proc. K. Akad. van Wdenech., Amsterdam, 1911 (19), 607 ; Kobshi Ohta, 
BiocJieni. 1911 (31), 177. 

® Annalea de I’lnstitut Pasteur, 1887 ; Coinpt. rend. 102, 1077. 

® Cp. e.g, A. Nestrelajew, Milckwirtsclui/tl. Zmtralb., 1910, Heft 1. 

Untersuehungen Hbcr das Jttanzigxcerdeu der Fettej Inaug. Dissert., Berlin, 1890. 
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to depend on the manner in which the oils are expressed, the amount 
of enzymes which are dissolved by the oils during expression, depending 
to a large extent on the temperature. The fluid (liquid) oils offer a 
greater surface to the attack of hydrolysing agencies. This agrees with 
the fact that liquid fats are much more easily hydrolysed in the fermen¬ 
tative process (see Vol. III. Chap. XY.) than are solid fats, such as 
tallow. Whether fats containing glycerides of lower fatty acids (butter 
fat, cocoa nut oil) are more liable to become rancid than the fats con¬ 
taining glycerides of the higher fatty acids (cacao butter, tallow, etc.) 
has not yet been decided experimentally. It may, however, be taken 
as a general rule that the higher the proportion of insoluble saturated 
fatty acids, and the lower the percentage of unsaturated glycerides in 
a fat, the less will be its liability to turn rancid. This rule, however, 
appears to break down in the case of cocoa nut oil and of Japan wax, 
which differ greatly in the composition of their constituent glycerides 
(cp. Vol. II. Chap. XIV.). Further investigation is necessary to 
elucidate these points. 

Whilst it may then be taken as proven that rancidity is due to the 
simultaneous action of moisture, oxygen, and light, very little is known 
as to the actual chemical change which the liberated free fatty acids 
undergo. The observation that rancid fats contain free fatty acids 
had been made before 1814, and both steam distillation and extraction 
with alcohol were proposed as means for their removal. Although the 
number of published observations made since then on this subject is 
large, no definite conclusions can be drawn therefrom, as they mostly 
rest on assumptions, or on faulty experimental evidence.^ Thus 
several observers, misled by a faulty application of the acetylation test 
(cp. Chap. VI.), maintained that direct addition of oxygen to the 
molecule of fatty acids takes place with the formation of hydroxylated 
acids.^ Qroger? on the contrary, found in a scries of experiments 
extending over four years that the fatty acids isolated from six kinds 
of fats exposed to the atmosphere, had been broken down into acids of 
lower molecular weight,^ and had not merely absorbed oxygen by a 
process of addition. The same chemist showed that in the further 
progress of oxidation some acids arc oxidised to azelaic and suberic 
acids. Other observers suggest that it is principally oleic acid that is 
set free in rancid oils and fats. Scata,^ who favours this view, isolated 
from a very rancid olive oil mnanthaldehyde, as also formic, acetic, 
butyric, and cenanthic acids, and further some soluble acids which he 
could not identify, and which he assumed to be azelaic and suberic acids.® 

* Some of the evidence is based on colour reactions, tho rationale of which is entirely 
unknown. In this connection it may be pointed out that many observers endeavour to 
find out by chemical means whether a fat is rancid or not, whilst the organoleptic 
methods (taste and smell) give the answer in the simplest and readiest manner. 

Cp. Lewkowitsch, Analyslt 1899, 328. 

* Jount. Soc. Ckem. Ind., 1889, 202. 

* Cp. also Cohn, Chem, Zeit., 1907, 855, 

® Staz. Sperint. agric. ital., 1897, 30, 613. 

® In a more recent paper Scala {Oaaz. Chim., 1908 (38), L 807) found in rancid olive 
oil and lard formic, butyric, caproic, heptylic (heptoic), and uonylic (uonoic) acids, ’and 
the following aldehydes : butaldehyde, bexoldebyde (?), heptaldehyde, and noualdehyde. 



RANCIDITY OF OILS AND FATS 


55 


However, experiments made by Thum^ with palm oil and rancid 
olive oil with a view to ascertaining whether palmitic, stearic, and 
oleic acids are liberated in the same proportion or in a dilTerent one 
from that in which they exist as glycerides in these fats, proved that 
the ratio between oleic acid and solid fatty acids is the same in their 
free as in their combined state. This fact was confirmed by S^iaeth in 
the case of rancid lard. 

The opinion has also been frequently expressed that the bodies 
characteristic of rancid fats are aldehydes (mnanthaldehyde, Scala), 
and ketones. Hence, the reagents employed usually for the detection 
of aldehydes have been suggested as a chemical means of differentiating 
rancid fats from acid fata. Schmid ^ stated that rancid fats give off, 
in a current of steam, volatile substances, which colour yellow a 1 per 
cent solution of metaphenylenediamine.® I have, however, shown * 
that a distinctly rancid cocoa nut oil did not give this reaction,^ Hence, 
statements that presence of aldehydio substances in rancid oils and 
fats is proved beyond doubt must be accepted with reserve. The 
volatile products from rancid cocoa nut oil give the aldehyde reaction 
only very faintly. It is true that Haller and Lassieur * found ketones 
in the volatile products resulting in the refining of cocoa nut oil, but 
this fact does not prove the formation of these substances from the 
fatty acids of the cocoa nut oil, as it is quite possible that they are 
due to the decomposition of the ethereal oil in cocoa nut oil. 

Probably Dakin's ’’ observation that by using mild oxidising agents 
(such as hydrogen peroxide) all fatty acids from formic up to and 
including stearic acid can be oxidised at comparatively low tempera¬ 
tures, yvhereby a series of intermediate products are formed, may 
throw light on the biological oxidation in vim of the fats and fatty 
acids (cp. Chap. III. p. 144). 

In view of Dakin’s observations the question has been raised by 
the present author * whether the ketones obtained by Haller and 
Lassieur may not be due to the oxidation of capric, lauric, and inyristic 
acids of the cocoa hut oil. 

With regard to the glycerol, Griiger, being unable to detect free 
glycerol, adopted the opinion expressed by Liebig, and concluded that 
it must suffer oxidation like the free fatty acids. But considering the 

In Ucala's opinion tlio oilom’ au l flavour of ranckl fats are flue, in some degree, to 
hexaldehyde (?) and butaldehydo, but mainly to heptaldehyde and iionaldebyde. Whilst 
Scala considers all the aldehydes and the eorrespouding acids to be tlegradation products 
of olein gmd of oleic acid, the absence of formaldehyde lead.s him to surmise that the 
formic acid found is due to slow oxidation of glycerol, which can yield formic acid, 
formaldehyde representing an intermediate stage of oxidation. 

^ Joum. Soc. Chem. hui., 1891, 70. ® Zeits. J\ analyt. Chem., 1898, 301. 

^ Jmtni, of Biolog, Chom., 1908, 227. 

* Jahrbuch der Ckemie, 1898 (8), 392 ; Joiirn. Soc. Chctfi. Ind., 1899, 657. 

® Similar objections were raised against this test by Wiukel, Congns dc dum. et dt 
pharm, Li^e, 1907, section v. 387; cp. also Zeits./. Unters. d. Nahrgs-u. C/eniwyw.,1905, 
ix. 90. 

® Gampt. rend.y 1910 (151), 699. ^ Jvurn, of Bidog. (Jhew., 1908, 63, 237. 

® Jahrbuch d. Chemie, 1910, xx. 419. With regard to the opinion of H. Cli, 
Goelmuyden that acetones are synthesised in the organisms to carbohydrates, cp. Zeds. /. 
physiol. Chom., 1911 (73), 176. 
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difficulty which the detection of minute quantities of glycerol offers, 
and in further consideration of the probability that the hydrolysis of 
the rancid fats examined by him had only proceeded to the formation 
pf di- and mono-glycerides (cp. Chap. II. p. 72), his view cannot be 
accepted as proven.^ Against Groger’s opinion we have the well- 
ascertained fact that glycerol in dilute as well as in concentrated 
solutions will “ keep ” indefinitely, without becoming “ rancid.” 

In the present state of our knowledge we are still unable to discern 
rancid oils and fats by chemical means. There is, however, no need 
for chemical reactions, as wc can rely on the taste and smell as the best 
means of ascertaining whether a fat is rancid or not. 

Some isolated observations regarding the chemical change suffered 
by rancid fats are given in the following table, published by Lew- 
howitsch: ^— 

* Friedel {CompL rend., 1897 (124), 648) also oouchidetl from tlie exaiiiiiiatioii of fat 
foiuid hi the tombs of Abydos that glycerol \v;w oxidised, without, however, adducing 
any proof for his statement. 

- Anatyd, 1899, 327 ; cp. also Jvunt. Sue, ('hnn, Ind., 1899, 557 ; Sherman and 
Falk, Journ. Amer, Chem, Sue., 1903, 711 ; 190.'>, C80. 


[Table 



Acetylated Oil or Fat ) Original Oil or Fat. AcetyUted Oil 
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It will be gathered from this table that rancid fats exhibit higher 
acetyl numbers than do the same fats in the fresh state. Yet the 
number of experiments made hitherto is too small to afford conclusive 
evidence in favour of my opinion tjiat the “ acefyl value ” indicates 
rancidity in a more reliable manner than do the doubtful colour reactions 
proposed up to the present. A further chemical difference between 
fresh and rancid fats may be found in the difference of the heats of 
combustion. Rancid fate yield considerably lower values than do 
fresh fats (Stohrmnn and Langbein i). This is explained by the higher 
proportion of oxygen contained in rancid fats. 

If air, or in order to accelerate the action, oxygen, be blown through 
fatty oils at the temperature of boiling water, oxidation takes place. 
So much heat is thereby evolved that the oxidation process continues 
without further heating. On this reaction is based the industry of 
“blown oils” (Vol. III. Chap. XV.). The most notable cHhnge pro¬ 
duced by the action of oxygen is an increase in density (“ Thickened 
Oils ”). The oils thus obtained simulate castor oil in their density and 
viscosity, but differ from it in that they are soluble in petroleum ether 
(“ Soluble Castor Oils ”). The similarity to castor oil, as also the high 
acetyl values of the blown oils, led to the opinion that glycerides of 
hydroxylated acids are formed, but it should be noted that the fatty 
acids actually produced difier from the castor oil fatty acids (see Chap. 
VIII. “ Oxidised Acids,” and Vol. III. Chap. XV.). Fatty oils belong¬ 
ing to the class of semi-drying oils lend themselves specially to the 
manufacture of “ blown oils.” 

In the case of drying oils the oxidation process proceeds much 
further, finally yielding jelly-like or even solid elastic masses. This 
reaction is made use of in the linoleum industry (cp. Vol. III. Chap. 
XV.). If the temperature of the oils during the blowing operation 
be raised still higher, considerable quantities of volatile products are 
formed. In the case of castor oil ^ there were found in the condensed 
products normal caproic and normal heptylic acids, cenanthaldehyde, 
iso-heptylalcohol, and iso-octylalcohol. In the case of rape and linseed 
oils also high-boiling alcohols and aldehydes were identified among the 
volatilised substances. The non-drying oils are less readily attacked, 
and solid fats only sufier a change if heated to a higher temperature 
than 100° C. (cp. Chap. VII. “ Oxygen Absorption ”). 

For further information on this subject cp. Chapter VII. “ Oxygen 
Absorption Test,” and Vol. III. Chap. XV. “ Oxidised Oils.” 


BehavlouF with Reagents 

Hydrogen Peroxide. —The action of hydrogen peroxide on fats is of 
greater importance to the physiological chemist than to the technical 
chemist. From the experiments of Bakin (recorded below), it appears 
that the reagent chiefly attacks the fatty acid constituent of the oils 

^ Jifum./. irrakt. Chem, 42, 361. ^ NorJIingtir, Germau patent 167,137. 
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and fats (after they have become hydrolysed), although hydrogen 
peroxide is not without action on glycerol (see below). The oxidation 
of chicken fat has been made the subject of a study by J. S. Hepburn.^ 

Ozone.—Ozone has no action on the glycerides of saturated fatty 
acids. The glycerides of unsaturated fatty acids are easily acted upon 
by ozone. According to Molimri and his collaborators, Smwini and 
i'enaroU? one molecule of ozone is absorbed by each pair of doubly- 
linked carbon atoms (much in the same manner as two atoms of iodine 
are absorbed by each pair of doubly hnked carbon atoms). The new 
substances thus obtained are comprised under the term fatty “ozonides,” 
and the quantity of ozone absorbed can be determined by the increase 
in weight which the oils and fats acquire.® According to Harries ® and 
his collaborators, Thieme and Turk,^ “ perozonides ” appear to be 
formed first (cp. below. Chap. III. “ II. Acids of the Oleic Series ” and 
“ Oleic Acid ”), which are readily converted into stable ozonides. 

Hydrogen gas, under ordinary conditions or under pressure, or even 
if evolved in statu nascendi, either electrolytically or by means of 
sodium amalgam, has no action on the glycerides of higher unsaturated 
fatty acids. Statements have been made by Fokin ® that natural oils 
can be reduced by electrolytic hydrogen under the same conditions 
which hold good for the reduction of oleic acid (cp. Chap. III., and 
Vol. III. Chap. XV. “ Conversion of Oleic Acid into Candle Material ”), 
but no definite products appear to have been isolated. 

Sahatier and Senderens,^ however, furnished by their general method 
of reducing unsaturated organic substances by means of hydrogen, 
in the presence of finely divided metals, especially of finely divided nickel, 
an easy means of converting the glycerides of unsaturated fatty acids 
into practically completely saturated glycerides. Thus linseed oil, 
whale oil, cotton seed oil, sesame oil, etc., can be reduced to hard tallow¬ 
like substances which practically absorb no iodine. The reduction 
of unsaturated glycerides by means of hydrogen has also been effected 
in the cold, by Pool and Kolh,^ with the aid of colloidal palladium (Foal 
and Amberger ®) as a contact substance. They were thus able to reduce 
olive oil, castor oil, and cod liver oil (cp. Vol. II. Chap. XIV. “ Olive 
Oil,” “Castor Oil,” “Cod Liver Oil”) to practically saturated sub¬ 
stances. More recently the reduction has been effected by means of 
finely divided metaUic palladium and platinum or their hydroxides or 

* Journ. Ainer. Chew. Soc,, 1912, 210. 

“ Ann. d. Soc. Chiw. itb Milam, 1903, ix. p. 507; 1905, xi. p. 89; 1906, xii. 
Fasoiai., ii., ill., anil iv. ; Beriekie, 1908, S. 2735 ; Oazz. Chim. 36 ; ii. 292. 

The aaponification values of triolelu ozouide aud of the ozoiiidc obtained from olive 
oil are given by Molinari aud Fenaroli {Bcrichte, 1908, 2789) aa 276*5 aud 223*7 
respoetively. (Theory requirea, liowover, for triolein ozouide 163*7. *1. G.) 

‘ Uebig'a Annul., 313, 311; 374 (1910), 288 ; Berichte, 1912, 936. 

“ Bmchte, 1906, 3728 ; 3732. 

* Ze«. /. EkktroAmie, 1906 (12), 749 ; cp. Lowkowitsch, Jmrn. Soc, Ghem. Ind., 
1908, 489. 

1 Cp. “Nouvelles mithodeageniiralea iVHydrogenatiou,” AwutU. tie Chim. et dc Phys., 
1905 (iv.) Mara-Avril. Cp. also P. Sabatier, “Hydrogenation et deaUydrogenatiou par 
catalyae,” Bcriehie, 1911, 1984. 

“ Bmchle, 1908, 2283 j 1909, 1641. 

® BmMc, 1904, 124; 1906, 1898. 
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salts.* Pool And his collaborators used as the protective colloid for 
their experiments lysalbic and (or) protalbic ^ acid (from albumen); 
more recently G. Kelber and A. Schwarz ’ proposed as a more readily 
obtainable colloid—glutin. 

The reduction of commercial oils and fats by the above indicated 
processes has acquired technical importance, and a large number of 
patents have been taken out during the last few years for the “ harden¬ 
ing ” of oils (see “ Hydrogenated Fats,” “ Hardened Fats,” Vol. III. 
Chap. XV.), and even of lecithin, “ Hydrolccithin.” * P. Breteau^ 
recommends for purposes of hydrogenation metallic calcium in a 
solution of absolute alcohol. 

The action of hydrogen on natural oils and fats extends also to the 
concomitant substances, such as sterols and chromogenetic bodies. 
Further information on this latter point will be found under the heading 
of individual Oils and Fats, in Vol. II. Chap. XIV. 

Chlorine. —Chlorine acts on oils and fats with evolution of hydro¬ 
chloric acid, glycerides of chlorinated fatty acids being formed. At 
the same time, if unsaturated glycerides are present, chloro-addition 
products are obtained. Hitherto it has not been po.ssible to moderate 
the action of chlorine to such an extent that chloro-addition products 
are obtained exclusively. Attempts are being made at present to 
find applications for chlorinated oils and fats in the arts * (see Vol. III. 
Chap. XV. ” Chlorinated Oils and Fats ”). 

Bromine. —Bromine acts in a manner similar to chlorine, although 
much less violently, so that it is possible to limit the reaction in the 
case of unsaturated glycerides to such an extent that bromo-addition 
products only are obtained. »Hence it is possible to prepare on a 
practical scale brominated oils and fats. Such products arc recom¬ 
mended for pharmaceutical purposes (see Vol. III. Chap. XV. 
“ Brominated Oils and Fats ”). 

Iodine is but slowly absorbed when mixed with an oil or fat, but 
does not yield substitution products. The assimilating power of 
unsaturated oils or fats for iodine varies with the chemical constitution 
of their glycerides and also with the temperature, but never reaches 
that theoretical amount which is indicated by the iodine value (cp. 
Chap. VI.). (Hence, such statements as Focke’a,’’ that liver oils dissolve 
as much as 20 per cent, and neat’s foot oil 33 per cent of iodine, must 
be ignored.) The absorption of iodine in oils and fats at the ordinary 
temperature is assisted by the addition of a small quantity of potassium 
(or sodium) iodide. Complete saturation of the unsaturated glycerides 
with halogens can be effected in the cold readily if an alcoholic solution 

* C'p. P. Breteau, “Hydrogenation au inoyeii du palladimii prccipite et de Tliypo- 
pliospliite," Bull. Soc. Ckim. dt France, 1911, 515. “ Ilydrogt'iiatioii au moyeii du 
nickel ct (le I’hypojOiosjdiite de sodium,’’ ihui. 518. 

For the commercial preparation cp. German patent 248,525, Kalle & Co. 

» BervhU, 1912, 1947. 

■* J. D. Riedel, A.-G. Method of preparing Hydrolecithin, German patent; cp. Paal 
and Oehrne, Berichk, 1913, 1297. ® Joum. dephanu. ei dcchim., 1911, 680. 

* Electrolytic Alkali Co., C. C. Connor and J. W. Stubbs, English p.atent 741, 
1908 ; C. F. Bffbringer k Sons, German patent 248,779. 

’ I’harm. Zeit., 1896, 616. 
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of iodine and mercury bichloride or a solution of iodine monochloride 
or iodine monobromido in glacial acetic acid is allowed to act on a 
dilute solution of the oils or fats (see Chap. VI. “ loibne Value ”). 
The glycerides of the unsaturated acids absorb in that case one molecule 
of iodine chloride or iodine monobromide for each pair of doubly-linked 
carbon atoms, with the formation of saturated compounds. This has 
been proved by the actual isolation of the chloro-iodo-addition com¬ 
pound of oleodistearin {Hemiqms and Kimne I). By beating the 
chloro-iodo-compound with a base (chinoline), the halogens are elimin¬ 
ated with the regeneration of the original glycerides. On this action 
is based one of the most important analytical operations practised in 
the examination of oils and fats, viz., the determination of the iodine 
value (see Chap. VI.). The action of halogens has found technical 
application in the preparation of iodo-bromo-fats (cp. Vol. III. Chap. 
XV.) for pharmaceutical purposes. 

Sulphur chloride acts energetically on fats (cp. Chap. VII.). The 
reaction appears to consist in an absorption of the elements of sulphur 
chloride, much as iodine chloride is absorbed by unsaturated carbon 
atoms. The action of sulphur chloride would therefore appear to 
consist in the conversion of uimturated glycerides into saturated 
compounds. This reaction finds technical application in the manu¬ 
facture of vulcanised oils (cp. Vol. III. Chap. XV.). 

Sulphur has no chemical action on oils and fats in the cold. At 
higher temperatures, however, from 120°-160° C., all oils assimilate 
sulphur, and it would appear that the sulphur is absorbed much in 
the same manner as oxygen is absorbed by oils. AUschid ^ demonstrated 
that stearic acid is hardly acted upon by^ulphur at a temperature of 
about 130“ C., whereas oleic acid when treated with 10 per cent of 
sulphur at 130°-160° C. absorbs sulphur w'ithout any evolution of 
sulphuretted hydrogen. In a similar manner fatty oils (because 
containing glycerides of the unsaturated fatty acids), notably linseed 
oil, castor oil, rape oil, cotton seed oil, and marine animal oils, absorb 
sulphur at 120°-160° C. On cooling, sulphur does not separate out; 
on saponifying the sulphurised oils in the cold, sulphurised fatty acids 
are obtained, whilst very little sulphuretted hydrogen is evolved.® 
On heating the .sulphurised fatty acids to 130''-200° C., however, 
sulphuretted hydrogen escapes in large quantities, and substitution of 
hydrogen in the molecule of the fatty substance by sulphur seems to 
take place. It is doubtful whether thiozonides^ are formed. The 
action of sulphur on oils is made use of in the manufacture of vulcanised 
oils (see Vol. III. Chap. XV.). 

Phosphorus has no chemical action in the cold. When heated at 
about 220“ C. with vegetable drying oils, it is stated to cause polymerisa¬ 
tion of these oils, especially in the presence of phenol.® This reaction 
stands in need of further elucidation. 

^ Berichtty 1899, 387 ; i'p. also Holde, ibid.^ 1902, 4306» 

® Journ. Soc. Chem. Ind., 1896, 282. 

^ Ilenrifiues, Journ. Chon. huL, 1896, 282.j 
* Erdumiiu, Liebuj’s Aniial. 362 (1908), 170. 

® K. WinklttT, German patent 262,139. 
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Carlonic add dissolves to some extent in oils, especially under 
pressure. At atmospheric pressure the dissolved gas escapes with 
effervescence (op. Vol. III. Chap, XV. “ Effervescent Fats ”). Lard 
also absorbs carbonic acid to some extent, and acquires thereby a 
tallow-like taste. With regard to the part which carbonic acid plays 
in the natural hydrolysis of oils and fats in seeds, cp. above, pp. 42, 43. 

Concentrated nitric add attacks oils and fats, acting on them violently, 
with copious evolution of red fumes. Hot dilute nitric acid oxidises 
oils and fata gradually. Fahrion'^ concluded from some experiments 
that all glycerides of unsaturated acids when acted upon by nitric acid 
give rise to the formation of hydroxylated acids, which on further 
treatment with nitric acid are said to be converted into nitro-derivatives 
of hydroxylated acids. These statements stand greatly in need of 
confirmation; it appears, however, that “ oxidised ” acids (Chap.VIII.) 
were formed.^ 

Fuming nitric add, in presence of concentrated sulphuric acid, 
reacts with linseed oil and castor oil to form “ nitrated ” oils, the 
nature of which has not yet been investigated, although they have 
found technical application (cp. Vol. III. Chap. XV. “ Nitrated Oils ”). 

Nitrous Acid. —On treatment with nitrous acid, the non-drying oils 
become solid, or acquire the consistence of butter according to the 
proportion of triolein (trierucin, etc.) they contain, triolein (trierucin, 
etc.) being converted into the solid isomeride triclaidin (tribrassidin, 
etc.) (cp. Chap. VII.). The vegetable drying oils, on the other hand, 
remain liquid under similar treatment. According to Lidoff? their 
specific gravity, as also their viscosity and saponification values, 
increase, whereas their iodine values and the proportion of insoluble 
fatty acids decrease. According to the same author, all oils after 
treatment with nitrous acid contain nitrogen, varying in amount from 
1 to 2-5 per cent. These nitrogenous substances may be reduced, 
yielding new compounds, which are stated to contain probably the 
NHj group. The free unsaturated acids yield no such compounds. 
These statements stand in need of confirmation.^ The fish, liver, and 
blubber oils behave with nitrous acid like the vegetable drying oils. 

Concentrated Sulphuric Add. —On mixing concentrated sulphuric 
acid with oils and fats at the ordinary temperature, a rise of temperature 
(Maumene’s test. Chap. VII.) and evolution of sulphurous acid 
become noticeable. If an oil containing chiefly glycerides of unsaturated 
fatty adds be mixed with the acid very gradually, and at a low tempera¬ 
ture, glycerides of a complex constitution arc formed. Thus, on 
treating olive oil with concentrated sulphuric acid a compound was 
obtained which nray be regarded {Geitd as a mixed glyceride of oleic 
acid, stearic acid hydrogen sulphate, and hydroxysteario acid,® having 
the formula 

C.H,[0. C,.H„ 0].[0.Ci.Hm(S0. H).0] ^0^.„II„(OH)0]._ 

* ZeUs.f. angew. Chem., 1891, 74. 

^ Cp. also English patent 3716, 1900 (fS. von Graeve and A. Koinecken) 

'•* Joum. Chm.. Soc., 1893, Abstr. it. 669. 

^ Cp. Lowkowit-sclj, Jahrb. d. Chemie, 1896 (6), 878. 

^ ^ourn. f. praU. Chem., 1888 [63], 218. 
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This product is very unstable in the presence of water. On boiling 
with water it is rapidly decomposed into compounds which form a 
complete emulsion with the fat and .water (cp. Chap. II., and Vol. III. 
Chap. XV. “ Sulphuric Acid Saponification ”). This reaction is made 
tise of in the manufacture of Turkey-red oils (Vol. III. Chap. XV.). 

In a study of the action of concentrated sulphuric acid on laurin 
— i.e. a saturated glyceride —van Eliih Thieme * showed that in the 
first instance there is most likely formed an addition product which, 
on the addition of a further quantity of sulphuric acid, induces the 
“ acid saponification process ” (see Chap. II., and Vol. III. Chap. XV.), 
in which, apparently, the sulpho group, SO 3 H, enters into the molecule 
of laurin and produces free lauric acid, which in turn forms an addition 
product with sulphuric acid. This reaction only takes place at a low 
temperature and by using about 52 molecules of a 100 per cent sulphuric 
acid. Griin and Corelli also studied the action of sulphuric acid on a 
saturated glyceride with tristearin. Since the validity of their con¬ 
clusions has been questioned by van Eldih Thieme, the reader must be 
referred to the original paper.^ 

The action of concentrated sulphuric acid on natural oils and fats, 
representing as they do a mixture of glycerides of saturated and un¬ 
saturated acids, will obviously lie midway between the two typical 
examples chosen above for unsaturated and saturated glycerides 
respectively. 

At a temperature exceeding 100° C., concentrated sulphuric acid 
reacts energetically with all oils and fats, partly carbonising them, but 
chiefly converting them into sulpho-compounds. On steaming, the 
latter are hydrolysed to glycerol and sulpho-fatty acids, which in turn 
are decomposed into sulphuric acid and fatty acids. On this reaction 
is based the “ acid saponification ” process employed in the candle 
industry (see Chap. II., and Vol. III. Chap. XV.); 

Dilute sulphuric acid, even at temperatures of 100° C., does not act 
on oils and fats (Letclcomtsch ®). 

A dilute solution oi sidpho-awtmtie compounds (Twitchell’s reagent) 
readily effects hydrolysis (cp. Chapter II.) of the glycerides. 

Hydrochloric acid exercises a very slow action at the ordinary 
temperature (see Chap. II.); at higher temperatures it behaves as a 
catalytic agent, and accelerates considerably the hydrolysis of oils 
and fats. 

Caustic alkalis, and less readily alkaline earths, if treated with oils 
and fats in contact with-water, act in the first instance as catalysts and 
readily induce the hydrolysis of the glycerides (see Chap. II.). The 
free fatty acids formed combine immediately with the caustic alkalis 
and alkaline earths to form soaps. On this reaction are based some of 
the most important processes practised in the candle- and soap-making 
industries. 

‘ Jaum./. prakt. Chem., 1912 (85), 284. ’ Zeils-f- ungm. Clim., 1912, 668. 

5 Joum. Soc. Chem. Ind., 1903, 63. 
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Ammonia hydrolyses oils and fats to some extent if acting under 
pressure * (see Vol. HI. Chap. XV.). Alcoholic ammonia on prolonged 
standing in the cold with oils and fats yields amides {Rowney ^). 

Aromatic bases, such as aniline, etc., react similarly with oils and 
fats on being heated under pressure to 210“ C. In the case of aniline, 
the reaction was stated to take place according to the following 
equation ®:— 

C,H,fOB)3+3C.H,.NHj=C,H5(OH),+3C,H,.NH.R 
(cp. Vol. in. Chap. XV.), and the yield of glycerol recovered was stated 
to be nearly 90 per cent. Kulka * showed that the process is entirely 
unworkable on a practical scale. Quensell * hydrolysed the (synthetic¬ 
ally prepared) glycerides of stearolic and behenolic acids with aniline; 
the yield of the anilide of fatty acids was, however, not staged. 

If hydroxylamine be used, hydroxain derivatives ® of the fatty acids 
are obtained, together with glycerol, as is exemplified by the following 
equation 

r,H3(OR)3-|-3NH3.0II--C3ll3(OH),+3R.(N.OH)01I. 


The chemical changes involved by the action of acids and alkalis 
in the presence of water are of the greatest importance, both for the 
chemistry of oils and fats and in the industries connected therewith ; 
they will, therefore, be treated specially and explicitly from a scientific 
point of view in the following chapter, and from a technical point of 
view in Vol. III. Chap. XV. 

Oils and fats dissolve sulphur and phosphorus (see Chap. TV., and 
Vol. III. Chap, XV. “ Sulphurised Oils,” “ Pho.sphorised Oils ”) at the 
ordinary temperature to a slight e.xtent." They also dissolve .small 
quantities of soaps ; the solubility of the latter is considerably increased 
by the presence of ether and petroleum ether (cp. Chap. VI. “ Un- 
saponifiable Matter ”). 


II. Waxes (Liquid and Solid) 

1. Chemical Constitution of Waxes. Preparation and 
Properties of Pure Waxes 

The most es.sential point of difference between fats and waxes has 
been explained already. Fats are the glycyl esters of the higher fatty 

^ Although thi.s iiifitho.l has hcen patented frequently, new patents are still being 
t.aken nut; ep. Iharbe, Oarelli, and de Paoli, French patent 372,341, and First Addition 
No. 92,').5 ; Kreliitz, thirnian patent 189,685 : French patent 369,523 j English patent 
4092, 1905. s Jahresberichte, 1855, 531. 

® Liehreich, (Jerman p.atent8 136,274, 136,917 ; French patent 322,026 ; English 
patent 12,957, 1902. 

I eftem. Rime, 1909, 30. “ Inaug. Dissert., Berlin, 1909, 13. 

** Morelli, AUi R. Accad. dei Lincei, 1908, 17, ii. 74. 

’ At the temperatures above 180" C. sulphur interacts with fats (cp. p. 61). 

® On the solubility of indigo in oils and fats, cp. Joum. Roc. Chem. hid., 1895, 
1027 ; and on the solubility of colTein cp. Zdts./. angew. Ctiem., 1909, 1838. For the 
preparation of solutions of colouring matters in oils and fats cp. German patent 198,278 
and addition to it, German patent 213,172, Chem, Fahrik Fliirshmn, 
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acids, whilst the waxes proper must be considered as esters formed by 
the combination of mono- or dihydric alcohols with higher fatty acids. 
Thus cetin, or cetyl pahnitate, is obtained from cetyl alcohol and 
palmitic acid by abstraction of water, according to the following 
equation— 

UieHaa. OH -f C^sHaj. CO. OH - CjjHaa. 0. CO. CjjHai -|- H^O, 

Therefore, whilst all fats have one common basic constituent-— 
namely, the trihydric alcohol; glycerol—the waxes are characterised 
by their basic constituents being monohydric and dihydric alcohols. 
The alcohols hitherto identified in waxes belong both to the aliphatic 
and cyclic series ; the former are represented by alcohols of the ethane, 
allylic, and glycolic series, the latter by the sterols. Amongst 
the solid fatty acids, none found hitherto has a lower number of carbon 
atoms than myristic acid. The fatty acids of wool wax are remarkable 
for the ease with which they are converted into lactones.* The nature 
of the liquid fatty acids in waxes has not yet been ascertained fully. 

The following pure “ waxes ” have been isolated from natural 
waxes, or have been prepared synthetically by the usual methods 
employed lor the preparation of simple esters : ^— 

Cetyl Pahnitate, Cetin, ^16^33* C 15 H 31 , the chief constituent 

of spermaceti, is prepared by repeatedly crystallising spermaceti from 
ether. Cetin forms white crystals, melting at 66 ° C., easily soluble in 
boiling alcohol, but nearly insoluble in cold alcohol. In a vacuum, 
cetin can be distilled unchanged. When distilled under ordinary 
pressure, or even under a pressure -of 300 to 400 ram., it is split into 
palmitic acid and the hydrocarbon hcxadecylene (cctene), as is indicated 
by the following equation— 

Ci.Hjj. O. CO. C, .. C„H,jOj-f CuHjj. 

Octodecyl Palmitale, ^18^37 ' ^ • C 15 H 31 , forms crystals melting 

at 69° C. 

Ceryl Pahnitate, CjjHjj.O.CO.CjjHgj, the chief constituent of 
opium wax, crystallises from boiling alcohol in small prisms, melting 
at 79° C., and solidifying at 76° C. 

Myricyl Pahnitate, Myricin, CjjHjj.O.CO.CjjHjj, the chief con¬ 
stituent of that portion of beeswax which is insoluble in alcohol, forms 
feather-like crystals melting at 72° C. 

Cetyl Stearate, ^16^33 • ^ .CjyHgg, forms large scales resembling 

those of spermaceti. Cetyl stearate melts at C.; it distils at 

360® C. without' perceptible decomposition. It is readily soluble in 
ether, chloroform, carbon bisulphide, and in boiling alcohol. 

Ceryi* Cerotote, C 26 H 53 .O.CO.CjsHgi, occurs in Chinese wax, which 
consists almost exclusively of this ester. It has also been found in 

* Lewkowitscb, Joum. Soc. Ohem. Ind., 1892, 132; 1896, 14. 

® It may l»e pointed out that by fusing together cholesterol with fatty acids (palmitic, 
atearic, oleic), no esters are formed. From tlie melt cither the original substances are 
obtained or mechanical mixtures thereof. If, however, carbouic acid is passed tltrough 
the melted mass at temperatures above 260“ C., so ns to carry away water, then esters 
are formed (as in Schey's metho<l).—J. R. Partington, Joum. (Jhem.. Soc., 1911, 313. 

VOL. I F 
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opium wax, and very likely occurs in wool fat. Ceryl cerotate forms 
snow-white, lustrous scales (from chloroform) melting at 82-6° C. 

Cocceryl Coccerate, Coccerin, CjqHjjIO.CjjHjjOjIj, has been obtained 
from the cochineal wax (Liebermann *) in the form of nacreous, thin 
lamina; (from benzene) melting at 106° C. Coccerin is nearly insoluble 
in cold alcohol and ether, and dissolves with great difficulty in cold 
benzene and glacial acetic acid. 

Cholesieryl Palmilate, € 271145 . 0 . 00 . 0251132 , occurs in blood-serum,* 
and in the human epidermis; * it forms snow-white plates melting at 
77°-78° 0. (Hurthle^), 79° (Windaus^), or long needles of silky lustre 
melting at 77° 0. {Herbig *). It is prepared synthetically by Berthelot’s 
method (cp. cholesteryl stearate) {Hilrthle) or by passing a current of 
dry hydrochloric acid through a mixture of 30 grms. of cholesterol and 
60 grms. of palmitic acid at a temperature of 124° 0. (Herbig^). 

Cholesteryl Stearate, 02 , 1145 . 0 . 00 . 02 , 1135 , has been prepared syn¬ 
thetically by heating one part of cholesterol with 8-10 parts of stearic 
acid to a temperature of 200° 0. (Berthelot). It has been stated to 
occur in wool wax conjointly with isocholesteryl stearate (cp. Vol. II. 
Chap. XIV. “ Wool Wax ”). It crystallises in small needles melting 
at 82° 0 ., is nearly insoluble in alcohol, and only slightly soluble in ether. 
At 37° 0. cholesteryl stearate is capable of holding in solution :—olive 
oil, 3-37 per cent; castor oil, 0-26 per cent; oleic acid, 4-II per cent; 
ricinoleic acid, 0-33 per cent.® 

Isocholesteryl Stearate, C2,H45.0.C0. has also been obtained 

by synthetical methods. It crystallises in fine needles melting at 
72° C., and is but very slightly soluble in boiling alcohol. 

Cholesteryl Ole-ale, C2,H45.0.C0 .C 2 ,H 33 , has been found conjointly 
with the palmitate in blood-serum. It crystallises in long, thin needles 
molting at 42° 0.; it is soluble in ether, chloroform, and benzene, but 
only sparingly so in alcohol; its specific rotation is [a]n = -18° 48'.’ 

Cholesteryl Cerotate, 03 , 1145 . 0 . 00 . 0251152 , is prepared by passing 
a current of dry hydrochloric acid through a mixture of cholesterol 
and cerotic acid at 146° 0. for two hours ; after repeated crystallisation 
from petroleum ether it forms a powdery non-crystalline mass (Herbig ®) 
melting at 85-6° 0. 

Melissyl Melissate [Myricyl Melissate), C 3 QH 52 .O.CO.C 23 H 59 , occurs 
in gum lac (Oasearo) and on the bark of latropha Curcas (see “ Curcas 
Wax,” Vol. II. Chap. XIV.); it melts at 92° 0. The statement made 
by Kisslirtg,^ that melissyl melissate occurs in tobacco, has been refuted 
by Thorpe and Holrtuis.^ Hence Kissling’s note as to the occurrence 
of this wax in hay also stands in need of confirmation. 

For other esters of cholesterol and its congeners see Chap. III. 

^ Lerichte, 1885, 1976. * Hurthle, Joum. Chem. Soc., 1896, Alwir. i. 486. 

^ Salkowski, Biochem. Zeits., 1910 (23), 361. 

* Hoppc-Seyler’s Zeits. f. phys. Chem, 65 (1910), 117. 

» Zeits./. offentl. Chem., 1898 (4). 227. 

* Filehue, Zeit.f. die gesamte Biochemie, 1907, 804. 

’ 'file preparation of solutions of cholesteryl oleate in fatty acid esters and in natural 
oils and fats has been patented by the Farbenfabriken vorm Fr. Bayer & Co., German 
patent 236,080. 

» Chem. ZeU., 1901, 684. 


“ Joum. Chem. Soc,, 1901, 982. 
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2. Properties of Natural Waxes 

Liquid waxes have hitherto been found only in animals, and are 
represented by two “ species ” of waxes which are so nearly related to 
each other that up to the present it has been impossible to distinguish 
them by chemical means alone. These liquid waxes are most probably 
compounds formed by the union of unsaturated alcohols, of the series 
OjiHj.,,©, with unsaturated fatty acids.^ In the fresh state they are 
practically neutral compounds, hence they contain only small pro¬ 
portions of free fatty acids; they do not emit the odour of acrolein 
on heating, as glycerol is absent.* In their physical properties the 
liquid waxes much resemble fatty oils. They also behave similarly 
to solvents. Much as animal oils and fats of one and the same species 
vary with the race and breed, food, etc., so vary also animal waxes, 
especially beeswaxes (see “ Beeswax,” Vol. II. Chap. XV.). 

Liquid waxes are readily distinguished from fatty oils by their 
lower specific gravities, which vary from 0-875 to 0-881. 

Solid waxes, although very widely distributed as secretions of both 
vegetable and animal organisms, occur in much smaller quantities 
than do oils and fats. The waxes secreted by the lowest organism, 
such as bacilli and aigto, have not yet been fully inve.stigated, although 
the former is now prepared commercially (cp. Vol. II. Chap. XIV.). 
The wax secreted by algae in the earlier history of the earth is con¬ 
sidered by Kraemer to be the mother-fiubstance of petroleum, or at 
least of some varieties (“ species ” *) of petroleum,^ a view to which 
Hofer strongly objects. The wax-lilce substances occurring in lignite 
and peat would also appear to belong to the vegetable waxes; on 
account of the commercial importance which the decomposition products 
of these substances possess they will be considered under ” Candle 
Manufacture ” (Vol. III. Chap. XV.). 

The solid waxes differ in certain respects from the fats with regard 
to their behaviour to solvents. Some are completely soluble in ether, 
whereas others are only partly soluble. They also differ in their 
solubility as regards boiling alcohol. In. their liquid state they leave 
a grease spot on paper like fats. They do not turn rancid on keeping, 
owing to the stability of the esters (as also of their fatty acids). The 
fatty acids belong prepondo'-antly to the saturated series. The following 
liquid acids—oleic, linolic, and linolenic—have been stated to occur in 
flax wax (see Vol. III. Chap. XV.). On destructive distillation the 
esters of. the solid waxes are readily converted into hydrocarbons. 
According to Eedtenbacher,^ no sebacic acid is found in the products of 
distillation. 

Spermaceti and insect wax consist practically of pure esters (cetyl- 
palmitate and cerylcerotate respectively), and in their fresh state are 
devoid of free fatty acids, free alcohols, and hydrocarbons. They thus 

^ I./ewkowitHcli, Journ. Soc. Chem. hid., 1892, 135. 

* Cp., however, “Sperm Oil,” Vol. II. Chap, XIV. 

“ Cp. Jahrbuch der Okemie, 1900, x. 391. * Ibid., 1907, xvil. 416. 

* Lidfig'a Annul., 1840 (35), 190. 
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approximate in their chemical composition more closely to the liquid 
waxes than to the other solid waxes. 

Carnailba wax, wool wax, and beeswax amongst the solid waxes 
have not yet been examined so thoroughly that definite statements 
as to their composition can be made. They consist to a great extent 
of e.sters, but contain also considerable quantities of free fatty acids and 
free alcohols (in the case of carnailba wax most likely also lactones). 
Notable amounts of hydrocarbons are found in carnailba wax and in 
beeswax. 

Whereas in the case of oils and fats, the occurrence of free fatty acids 
must be considered as an indication that hydroly.sis has taken place, 
the same cannot be said with certainty of the waxes; at any rate not 
in the present .state of our knowledge. Perhaps the conjecture is 
permissible that the occurrence of free fatty acids is due to a secondary 
action, if wc bear in mind that in those waxes which contain free fatty 
acids, free alcohols are present simultaneously. Some vegetable waxes, 
e,g. Raphia wax, appear to consist entirely of alcohols. In the case of 
fats the free “ alcohol ” escapes detection, as glycerol is very easily 
soluble in water. 

The flash points of bee.swax and carnailba wax are lower than those 
of oils and fats (beeswax 244°-250'’ C.; carnailba wax 310° C.) {Stoeber ^). 
This is perhaps due to the volatilisation of the free alcohols; at 
any rate, in the case of wool wax, the author was able to prove that 
tree alcohols volatilised at a comparatively low temperature. 

It cannot yet be stated with certainty whether the vegetable waxes 
difior from animal wa.xos by presence of phytosterol. Wool wax 
is pre-eminently characterised by containing a very large proportion 
of cholesterol and isocholesterol. Berg ^ is of the opinion that beeswax 
contains cholesterol, but this must be accepted with reserve as the 
proof for the presence of cholesterol rests on doubtful colour reactions. 

The presence of phytosterol has so far been proved in the vegetable 
flax wax. 

Although insoluble in water, the solid waxes have the property of 
forming emulsions with water, so much so that largo quantities of 
water can be incorporated with them (Vol. II. Chap. XIV. and Vol. III. 
Chap. XV.) with the production of salve-like substances. 

Concentrated sulphuric acid in the hot carbonises the waxes. Dilute 
sulphuric acid is without any action on them. 

Caustic alkalis hydrolyse the neutral esters more or less readily. 
Processes for the saponification of waxes will be considered in the 
following chapter, and in Vol. III. Chap. XV. under “ Technology of 
Waxes.” 

Etholides 

Bougaull and Bourdier^ describe a new class of vegetable waxes 
obtained from the leaves of coniferous plants {Juniperus Sahina, 
J. communis, Picea exceha, Pinus sylvestris, Thuja occidentalis) by 

' ahem. ZeU., 1909, 1275. ' Ohm.. Zeit., 1909, 779. 

* Compt. rend., 1908 (147), 1311. 
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boiling out with 90 per cent alcohol. These waxes differ in their 
Jfhemical constitution from all other waxes described in this work, in 
that they do not yield on saponification an alcoholic constituent like 
cetyl-, or melissylalcohol, both constituents of the waxes obtained by 
saponification having an acid character. Hence, if barium chloride 
solution 'be added to the alcoholic solution obtained on saponifying 
th'e waxes with alcoholic potash, and the dried precipitate be treated 
with petroleum ether or cold ether, nothing is thereby extracted. 
These waxes are therefore judged to be the esters of acids containing 
ap alcoholic hydroxyl (alcoholiform) group, and the e-sters seem to 
have been produced by the radicle of the acidic constituent entering 
into chemical combination (esterification) with another molecule of 
the same or a similarly constituted alcoholiform acid. The authors 
therefore propose for these substances the name elholides, and compare 
them in their constitution with Fischer's peptides, which are formed 
from aminoacids. In the author’s opinion it would appear more 
appropriate to compare these products with the polyricinoleic acids, 
which ricinoleic acid is capable of forming. 

The wax obtained from Juniper Sabina melts from 73“ to 78“ C., 
and can bo resolved by treatment with solvents into fractions melting 
at G 8 “, 72°, 76°, and 82° C. re.spectively. 

The acid value of the constituents into which the waxe.s are resolved 
by saponification varied from 25 to 54; the saponification value was 
about 230. As they are able to absorb acetyl groups in the acetylation 
test it is concluded by the authors that the constituents contain alcoholic 
hydroxyl groups. Hitherto two hydroxy acids have been isolated, viz. 
a hydroxylauric acid, C 12 H 24 O 3 , melting at 81“ C., which the authors 
term sobim'c acid, and a hydroxypalmitic acid, CJ 5 H 32 O 3 , termed jnnjpertc 
acidJ 

The wax obtained from Thuja occidentalis contains in addition to 
sabinic acid a small (juantity of thapsic acid,^ melting at 124“ C. Tliapsic 
acid is a dibasic acid (CH 2 )y(C 00 H) 2 . 


‘ Chm, XeU., 1910 (150), 871. 


Jonrn, Pharm. Chim., 1911 (7), 101. 



CHAPTER 11 

SAPONIFICATION OF PATS AND WAXES 

The chemical change which takes place on boiling fats with strong 
bases, and which results in the formation of glycerol and of salts of 
the higher fatty acids, has been termed “ saponification.” In a wider 
sense, however, every chemical jn'oeess by wduch fats or waxes are 
resolved into their proximate constituents—glycerol and fatty acids 
in the case of fats, and higher alcohols and fatty acids in the case of 
waxes—is called saponification, even if no bases be employed to effect 
the reaction. 

The term “ saponification ” is almost exclusively used in practice, 
its synonym “ hydrolysis ” being confined to papers of a scientific 
character. It would appear preferable to denote by the term 
“ hydrolysis ” all those reactions in which no strong bases are used, 
and to restrict the term “ saponification ” to those procos.ses in which 
alcohols and soap are obtained as the ultimate products. But it is 
impossible to draw a sharp line of demarcation, as we have a number 
of processes in which practically complete resolution of the glycerides 
into their proximate constituents is brought about by an amount of 
bases which is far from suflicieut to neutralise the fatty acids produced. 


Saponification of Fats 

The chemical change which fats undergo on being hydrolysed or 
saponified is expressed by the following equation :— 

O.R O.M 

(1) C.H50.R+3M.0H^C3H50.M+3R.0H, 

O.R O.M 

where R denotes the radicle of any fatty acid, and M stands for hydrogen 
(or a monovalent metal). (In the case of a bivalent metal equation 
(1) must be replaced by equation (4), p. 97.) 

It follows from the equation that the products obtained by hydrolysis 
with water alone must exceed, theoretically, the quantity of fat or 
glycerides operated upon. This is clearly set out in the following 
table:— 
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Qlycevidti. 

Forninta. 

Mole¬ 

cular 

Protiucta ol>. 

t HI lied on 
Kai>oiiillmlIuii 
of 100 |»arts. 

Excess 

over 


wciglit. 

aeida. 

Oly- 

cerol. 

parts. 

Butyrin (Glycyl tributyrate) 

0,HdO-0.H,O), 

302 

[’er cent. 

87-44 

Per cent. 

30-40 

Per cent. 

17-90 

Caproin (Glycyl tiicaproato) 

C,HdOC.H,.0), 

386 

90-16 

23-96 

14-11 

Caprylin (Glycyl tricaprylate) . 

C3HdO-0,Hi.O)a 

470 

91-91 

19-68 

11-49 

Caprin (Glycyl tricaprato) . 

Ui^^4(G'CioH|jO)3 

554 

9314 

16-67 

9-81 

Laurin (Glycyl trilaurate) . 

CjHdO-CijHjjO), 

638 

9404 

14-42 

8-46 

Myristin (Glycyl trirayristate) . 

t:3HdO-C„H„G)3 

722 

94-76 

12-74 

7-49 

Palmitin (Glycyl tripalmitatc) . 

CjHdO-Ci.HjjO). 

806 

96-29 

11-42 

0-71 

Stearin (Glycyl tristearatc) 

G3H5(0-CjgH3jO )3 

890 

95-73 

10-34 

C-07 

Olein (Glycyl trioleate) 

C,H,(0-C„H330), 

884 

95-70 

10-41 

on 

Linolin (Glycyl trilinolato) 

CaH3(0’Ci,H3,0)3 

878 

95-G7 

10-48 

6-15 

Linolenin (Glycyl triliuolenale) . 

C3H3(0-C„H3.0)3 

872 

95-63 

10-55 

6-18 

Clupanodonin (Glycyl triclupan- 
odonate) .... 

C3H,(0-C„H3,0)3 

866 

95-01 

10-62 

6-23 

Ricinoloin ((jlycyl triricinolcatc) 


032 

95-93 

9-87 

5-80 

Arachin (Glycyl triarachidato) . 


974 

96-09 

9-45 

5-54 

Krucin (Glycyl trierucatc) . 

C3H3(0C,3H„0)3 

1052 

96-39 

8-74 

6-13 


In the light of experiments made by Geitel * and by Lewkowilsch “ 
equation (1) must be considered as summarising the following three 
equations :— 

O.R O.M 

(la) CjHsO.R+M.OH-C^HsO.R I-R.OH, 

O.R O.R 

O.M O.M 

(It) C,II.O.R+M.OH= C.H„0.M pR.OH, 

O.R O.R 

O.M O.M 

(Ic) C,HjO. M f M. OHCaHjO. M+R. OH, 

O.R O.M 

These equations express the fact that hydrolysis (saponification) takes 
place in three stages, inasmuch as oils and fats pass from the triglyceride 
through the diglyceride and monoglyceride to the products of complete 
hydrolysis. 

On carrying out “ hydrolysis ” or “ saponification ” on a practical 
scale, we cannot expect these three stages to take place consecutively, 
in distinct succession; or in other words, we cannot expect to find 
that the whole mass of triglycerides is at first hydrolysed exclusively 
to diglycerides (as is indicated by the equation (la)), that the diglycer¬ 
ides are then broken down to monoglycerides (as is shown by the 
equation (16)), and that finally the monoglycerides so formed are 

* Jov/nx.f. prakL 6h*m.y 1897 (55), 429. 

* Joum. Hoc, Chem, Ind., 1898, 1107 ; Proc. Clum. Soc., 1899, 190; Serichte, 
1900, 89. 
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converted into glycerol and free fatty acid (Ic). We shall rather find 
that the three phases, which are expressed by the above three equations, 
take place concurrently, so that at one and the same time a molecule 
of diglyceride may be broken down to monoglyceride and fatty acid, 
or a molecule of monoglyceride to glycerol and fatty acid, whilst a 
molecule of triglyceride is still intact, or is passing through the first 
phase. Tlicrefore, on bringing about very rapid hydrolysis we shall 
not always be able to observe experimentally ^ the intermediate, 
transitory phases. If, however, hydrolysis or saponification he effected 
somewhat slowly, we may be able to find in the partially saponified 
mass ; (1) unsaponified triglyceride, (2) diglyceridc, (3) monoglyccride, 
(4) glycerol, and (5) free fatty acids. 

This has been verified to some extent by experiments of Geitel ^ 
and especially by tho.se of Lewhountsch? I select from a large number 
of experiments I have made, the following as best demonstrating the 
fact that mono- and di-glycerides arc formed as intermediate products 
in the course of saponification by means of caustic alkalis and caustic 
alkaline earths:— 

* (!p. in tliis respect Table 7, HerichU, 1000, 93 ; cp. also Lcwkowitacli, ibul.y 1903, 
3766 ; 1901, 831. Hence tlie opinion stated by Kellner [Cheui. /At., 1909, 453) on tlie 
strength of two experinieiits made by saponifying palm kernel oil with aqueous jiotash 
is entirely inconclusive. Cp. also B. Wegsclieuler, Zeit., 1909, 1220. 

® Journ.f. }yraU. C/iem., 1897 (5.5), 429. 

3 Jonrn. S<>c. Chcui. hid., 1898, 1107 ; Proc. Gium. Svc., 1899, 190 ; lierichie, 1900, 
89. 
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Saponijicalion of Tallow with Caustic Soda (Lewkowitsch) 




Acetylateil Proiluct. 

Partially Saponified Tallow. 

Acid Value. 

Acetyl 

Value. 

Insoluble 
Fatty Acids. 
Per cent. 

Saponification 

Value. 

Sample No. 1 . . • 

12-2 

17*1 

94*4 

207-9 

,, ir 2 ... 

12-8 

24-3 

94-7 

210-2 

8 ... 

20-9 

18-9 

94-9 

206-6 

,, ,, 4 ... 

31-4 

9*7 

96-8 

203-1 


45'4 

15*3 

96-0 

208-15 

n .. 6 ... 

77-9 

11-2 

97*0 

206-7 

„ 7 ... 

105-8 

62*03 


237-65 

„ „ 8 ... 

126*8 

65*6 


252-6 

„ „ 9 ... 

145-3 

78*9 


269-0 

„ .,10 . . . 

152-4 

61 *8 

... 

252-7 

Fatty Acida, obtained with Al-1 


8*8 

99-5 

212-8 

coliolic Potash, Acetylated / 



Saponification of Tallow with Caustic Lime {Lewhmitsch) 




Acetylated Product 

Partially Saponilled Tallow. 

Acid Value. 

Acetyl 

Value. 

Insoluble 
Fatty Acids. 
Per cent 

Saponification 

Value. 

Sample No. 1 ... 

20-6 

18*9 

93*3 

210*05 

M .. 2 ... 

40-9 

22*3 

93*5 

215*3 


79-0 

16*6 

93*6 

214*6 

If »• 4 ... 

46*1 

16*7 

94*6 

212*3 


60-98 

27*9 

93-87 

221-4 

„ „ 6 ... 

69-6 

28*0 

93*6 

223-75 

„ 7 ... 

114*2 


94*97 

216-5 


122*05 

27*2 

96*5 

226-7 

9 ... 

110*9 

42*0 

93*8 

239-35 

„ 10 ... 

128*4 

... 

95*57 

218-7 

Fatty Acids, obtained with Al- \ 
coholic Potash, Acetylated J 

■ 

D 

m 

212-8 


[Table 
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SajKmificaiion of Collon Seed Oil with Caustic Soda (Lewkowitsch) 




Acetyliited Product. 

rortially Ba^tonillod Oil. 

Acid Value. 

Acetyl 

Saponification 



Value. 

Value. 

Samplo No. 1 ... 

1-63 

14-15 



3-4 

25*9 

2217 


18-4 

27-3 

226-7 

,, ,, 4 ... 

397 

21-6 

232-85 

1 9 9 9 ^ ' * ' 

45-3 

29-8 

222-66 

„ 6 ... 

67-0 

29-5 

231*4 

„ 7 ... 

71-8 

2.‘)-0 

225-3 

,, ,, 3 ... 

9.V5 

20-8 

223-8 

9. „ 5 ) ... 

108-2 

25-85 

235-0 

„ 10 ... 

1137 

22-4 

221-2 

.9 9, 11 ... 

161-0 

21-7 

219-9 

Ori^tial Oil, Aootylatod . 


J.5-8 

... 

Fatty Acids, obtained with Al- ] 

201-2 

17-9 


coholio Potash, Acotylated J 



Saponification of Cotton Seed Oil with Caustic Lime (Lewkowitsch) 


P.arlially Saponified Oil 

Acid Value. 

Acetylated Product. 

Acetyl 

Value. 

Insoluble 
F-atty Acida. 
Pur ceuU 

Saponillcatlon 

Valuo. 

Sample No. 1 ... 

0-5 

14-9 

94-5 

206-3 

‘2 ... 

0-6 

200 

92-84 

209-2 

„ 3 ... 

16-0 

43-] ,5 

92-0 

230-1 

„ „ 1 ... 

17-6 

59-2 

89-1 

240-0 

,9 5 ... 

19-0 

28-3 

92-35 

215-8 

.... 6 ... 

53-4 

24-9 

93-8 

214-8 

„ 7 . 

73-2 

32-4 

93-6 , 

223-4 

Original Oil, Acetylated . 

0-0 

11-7 

93*5 


Fatty Acids, obtained with Al- \ 
coholic Potash, Acetylatcil / 

199-45 

13-8 

09-4 

216-4 


Reasoning by analogy, hydrolysis by means of sulphuric acid 
should also take place in stages. Direct experimental proof may be 
found in the observation made by Qriln and Theimer * that on hydro¬ 
lysing distcaro-a-chlorohydrin with 98 per cent sulphuric acid, there 

> IlerkUe, 1907, 1801. 
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were obtained, besides still unchanged distearochlorohydrin, the follow¬ 
ing products: monostearoohlorohydrin, monochlorohydrin, and stearic 
acid. These products of hydrolysis thus repre.sent the three stages of 
diglyceride, monoglyceride, and free fatty acid. 

Nevertheless Oriin ami Corelli arrived at the conclusion that by 
hydrolysing triglycerides with concentrated sulphuric acid diglycerides 
are formed to the exclusion of monoglycerides. Although mn Eldik 
Thieme (see below) controverted this opinion by experimental evidence, 
Orun and Corelli repeated this statement recently.^ This cannot, 
however, be accepted as correct. The supposed experimental evidence 
furnished by CoreUi rests more or less on rule-of-three calculations, 
the basis for which is open to grave objection. More conclusive are 
the experiments of mn Eldik Thieme^ who treated laurin with varying 
amounts of concentrated sulphuric acid at the temperatures stated in 
the following table, for thirty minutes, and then poured the product of 
the reaction on to pounded ice, so as to prevent hydrolysis. Then a 
sufficient amount of alcohol was added to yield a 60 per cent alcoholic 
solution, which was shaken out with a mixture of ether and petroleum 
ether. The solution was washed, with water and the ether evaporated. 
The residue consisted in the ease of experiment No. 3 of pure lauric 
acid; in experiments No. 1 and No. 2, besides lauric acid, notable 
amounts of non-hydrolysed glycerides were obtained. In the 4th 
experiment the non-hydrolysed glyceride amounted to 20 per cent, 
and appeared to contain dilaurin and monolaurin in addition to 
trilaurin.* 

Om Molecule of TrUaurin hydrolysed with Concentrated Sulphuric Acid 


No. 

Molecules of Sulphuric Add 
of per cent: 

Temperature. 

Product contained 
Free Fatty Add. 

100 

04-6 

•c. 

Per cent. 


6-6 


18 

86-6 

2 

26-0 


1-2 

95-5 

3 

62-0 


1-2 

100‘0 

4 


62-0 

1-2 

80-0 


In a more recent paper the same author '* shows (as would seem to 
follow from the experimental evidence under No. 3 of the foregoing 
table) that an addition-product of laurin and concentrated sulphuric 
acid is formed which is only stable at a low temperature and is readily 
hydrolysed by water, especially at a higher temperature. Foit Eldik 
Thieme was able to show that monolaurin and dilautin are formed as 
intermediate products, if the hydrolysis is carried to practical com 

* Zeits. f, angew. Ckem,, 1912, 666. 

* Proceed. K, Akad. mn WtUnseJu. Amsterdam, 1908, 855 ; cp. also Griio and 
Thelmer, BeriMe, 1907, 1801. 

’ Op. also Vol. 11. amp. XIV. “Butter Eat." 

‘ Zdla. /. irrakt. Ohm., 1912 (86), 800. 
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pletion. The resolution o£ trilaurin by concentrated sulphuric acid may 
be expressed by the following set of equations {van Eldik Thieme ):— 

(1) CHj.0R-CH.0B-CHa.0R+nH,S04==CH,.0.S0jH-CH.OR-CH2.0R 


or:— 


CHj.OR-CH.O.SOjH-CHj.OR+CROH. H,SO,), 


(2) Cllj. OR - OH. OR - CH,. OR+mHjSe, 

=CHo 


0. SO.H-CH.O.SO.H-CH..OB 


or:— 

CHj. 0. SOjH - CH. OR - CHj. 0. SO,H+(2R0H. H jSO,), 

(3) CH-.OR-CH.OR-CHj.OR+rHjSO, 

=CH2.0. SOjH-CH.O . SOjH-CHj.O. SOjH + (3R0H.HsS04), 


or, what is more likely, by the following set:— 


(IttlCHj.O.SO.H-CH.OE-ClL.OR+sH.SO, 

-^CHj.O. SOjH-CH.OR-CHj.O. SOjH+iROH.HjSOj), 


<JH.. OR - CH. 0. SO,H - CH,. OR+sH-SO, 

=,CHj.O . SO,H-CH.() . SO,H-Cir..OH I (ROH.HjSO,), 
(2<i) CHj.O.SOjH-CH.OR-CHj.O.SOjH I pHjSO, 

-,CHj.O. SOjH-CH.O.SOjH-CHj.O. S03H + (R0H.H4S04), 

or:— 


CHj. 0. SO.H - CH. 0. SO.H - C H,. OR tjiHjSO, 

- CHj. 0. SOjH - CH. 0. SO, H - CH,0. SO,H+ (ROH. H,S04). 


Similarly, glyceryl trinitrate is hydrolysed by a 70 per cent sulphuric 
acid to glyceryl dinitrate, and glyceryl dinitrate in its turn to mono¬ 
nitrate and glycerol.* In the case of glyccroltrisulphuric acid the 
correctness of the theory can be demonstrated even more conveniently 
inasmuch as the glycerolmonosulphnric acid formed as an intermediate 
product is somewhat resistant to the action of water and requires to 
be boiled with water for some prolonged time before it is finally dis¬ 
sociated to glycerol and sulphuric acid.'* 


The author’s views have been repeatedly attacked, and for a short 
time the objections raised against them appeared to be supported by 
considerations baaed on some physico-chemical measurements. Whilst 
purely chemical objections have been shown by the author himself to 
be irrelevant, more recently published investigations (by a number of 
observers) of a physico-chemical nature have proved undoubtedly that 
hydrolysis does take place in stages. For the voluminous literature, 
to some extent of a controversial nature, the reader must be referred 
to the sources given in the footnote.’ 

KeUner* complemented the author’s chemical experiments by 

' Will., Iterkhte, 1908, 1107. 

^ van Ehlik Thieme, Journ. f. prakt. Ohem., 1912 (85), 306. 

8 Jakrbuchd. Ckem., 1897, vii. 367 (Gcitel); 1898, viii. 390 (lacwlcowitach) ; 1899, 
ix. 362 (Lewkowitsch); 1902, xii. 362 (Balbiano); 1904, xiv. 429 (lialbiauo ; Fanto); 
1905, XV. 419(Kreinann; Fanto); 1906, xvi. 396 (Kreniann; MarcuBSon; Lewkowitsch); 
1907, xvii. 406 (J. Meyer; Kremanu ; Wegscheiiler ; Fanto and Stritar); Journ./. prakt, 
VhenUf 1908, 364 (Kreroanu); Jahrhuch d. Chein., 1908, xviii. 406 (Lewkowitsch); 1909, 
xix. (Kellner); J. Meyer, Zeits.f. phys, Chem. 66, 81. 

* Chem. Zeit., 1909, 463, 662. 
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determining the percentage of glycerol, which partially hydrolysed 
glycerides yield. In the case of hydrolysis in an autoclave by means 
of bases, then by hydrolysis with the aid of the Twitchell reagent and 
the castor seed ferment, the estimation of glycerol in the partially 
hydrolysed fata proved that lower glycerides (mono- and di-glycerides) 
were present. The contrary conclusion arrived at by Kellner in the 
case of saponification with caustic potash has been shown by the 
author to be inconclusive (see p. 76). Finally, V. Korlini} employing 
the chemical method proposed by the author, fully confirmed the 
latter’s earlier results and conclusions by determining the acetyl values 
of partially saponified triglycerides, alcoholic potash being the saponify¬ 
ing agent. 

In full agreement with the experiments is the evidence afforded 
by the .synthesis of triglycerides, as it is possible to build them 
up from glycerol and fatty acid to' monoglyceride, from the mono- 
glyceride to diglyceride, and from the diglyceride to triglyceride (see 
Chap. I.). 

The occurrence of dierucin (in old rape oil), for a long time looked 
upon as an exceptional phenomenon, is now satisfactorily explained, 
and the presence of mono- and di-glycerides in rancid fats becomes 
very probable. This is well illustrated by the changes olive oil under¬ 
goes in stored olives (see Vol. II. Chap. XIV. “ Olive Oil ”). 

Since in the absence of water no hydrolysis can take place, water 
must be considered as the hydrolysing agent, whether it be employed 
alone, or whether its action be a.ssisted by catalytic agents, such as 
acids or ferments. In these cases the reaction is expressed by the 
following equation 

O.R O.H 

(2) CjHjO. K 4 3H. OH^OjHjO. H -p 3R. OH 
O.R O.H 

If bases be chosen as catalysts (catalysers), a subsequent chemical 
reaction takes place, viz. the combination of the base with the fatty 
acids. Thus, if in equation (1) M be a monovalent metal, e.g. sodium, 
the final products will be glycerol and soda soap, as expressed by the 
equation 

O.R O.H 

(3) CjH.O. B-t3Na. OH=OjHjO. H-I-.INa. OR 
O.H O.H 

On a large scale fats are hydrolysed by various methods. These 
will be considered from a technical point of view in Vol. III. Chap. XV. 
Here the underlying principles will be discussed in a short review of 
the several processes leading to hydrolysis. 

It has been pointed out already (p. 48) that at a high temperature 
water alone can effect hydrolysis.^ This reaction can be realised in 
practice, and has indeed been carried out on a large scale by heating 

* CJiem. Zeit., 1912, 117. For a criticism of this paper cp. ibuL, 1913, 541 
(J. Meyer). 

^ It has been shown above (bc^ butter, etc.) that, given sufficient length of time, 
water at the ordinary temperature can etfect complete hydrolysis. 
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fats with water under a pressure of 16 atmospheres (which is equivalent 
to a temperature of 202° C.), or by distilling fats in a current of super¬ 
heated steam, when fatty acids, together with the glycerol formed, 
are carried over by the steam. 

The following table, due to Klimowt} is instructive as showing > 
the progress of hydrolysis at pressures of 7 and 15 atmospheres 
respectively:— 


Aqueous Saponification of Neutral Fats under Pressure 
30 gnns. of Oil or Fat and 500 gnus, of Water. 
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On halving the acid values we obtain approximately the extent of 
hydrolysis expressed in percentages ; in the case of cocoa nut oil, how¬ 
ever, the figures should he multiplied by 0-4. 

The temperature at which hydrolysis took place is fixed approxi¬ 
mately by the pressure given, viz. about 170° C. at 7 atmospheres and 
200 ° C. at 15 atmospheres. 

The data contained in the following table show the influence of the 
higher pre.ssure (and inferentially of the higher temperature) in the 
case of a laboratory experiment with olive oil. 


Acid Values after 6 hours’ Treatment with Steam 


Pressure, Atmospheres 

3 1 

6 

6 

7 1 

10 1 

13 

1 

16 

Approx. Temperature, ® C. 

144 

15!) 

105 

i 170 

184 1 

195 

202 

Acid value .... 

6-4 ; 

55-5 

41-7 

530 

02-3 

108-3 

169-5 


Experiments made with superheated steam at a pressure of about 
3 atmospheres, but at varying temperatures, are detailed in the following 
table:— 


^ Zeils./. angew. Chm,, 1901, 1270. 
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Acid Values after 1J hour’s treatment at the foUouring temperatures 


Kind of Oil. 

Original 
Acid Value. 

170' C. 

ISO' 0. 

190' C. 

200'' (’. 

Cocoa nut oil . 

0 



0-2 

0-4 

Olive oil . 

0 

(i’e 

1*0 

3 

8-9 

Sesam^ oil 

0 

0-6 

0-9 

2-5 

74 


It has also been pointed out that hydrolysis can be accelerated and 
the temperature reduced if the action of water be assisted by the 
presence of a catalytic agent. A suitable catalyst is hydrochloric acid, 
which obviously does not take part in the chemical change, but merely 
accelerates the hydrolysis primarily brought about by water. This is 
illustrated by a series of experiments made by Lewkowitschf and detailed 
in the following table :— 


Hydrolysis of Oils and Fats hy means of Ili/drochloric Acid, Sp. Gr. I'lC 
(^Lewkomitsch) 


100 gnus, uf Oil or li’at boiled with 100 c.e. of Acid. 


Oil or Pat. 

Original 
Acid Value. 

Acid Value 
after 

24 lltnirs' 
lioiliiig. 

Acid Vahio 
of 

complfloly 
Flydroiysi'd 
Oil or Pat. 

Cotton seed . 

0-35 

143*9 

202 

Whale .... 

6-01 

157*3 

195 


2-16 

131*7 

185 


1*25 

140*3 

201 


11*15 

150*0 

‘200 

Cocoa nut 

18 '76 

204*9 

260 

Castor . . . • 

1*22 

49*14 

190 


In these experiments a certain amount of hydrochloric acid had 
escaped as gas; hence, in the experiments described in the following 
table, a fresh amount of acid was used after each sample had been 
taken from the bulk :— 

^ Journ. Soc. i'hein. hid., 1903, C7. 
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The exceptional behaviour which castor oil exhibits can only be 
explained by the different constitution of its fatty acids, and the 
ready formation of polymerisation products (cp. Chap. I. p. 45, 
Chap. XV.). 

The following three tables describe a number of experiments which 







VOL. I 


a 











Nitrobenzene . . 11*3 32-45 76-74 111-0 122-3 129-9 134-0 139 0 ‘ 143-6 1 150-0 156-3 161-9 

Aniline . . . 11'3 34-51 74*1 74-76 93-26 106-9 119-3 124-7 | 128-9 1 133-9 138-2 141-0 
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were carried out with a view to accelerating still further, if possible, 
the hydrolysis brought about by the aid of hydrochloric acid.'- 

The numbers given in the tables show that hydrolysis becomes 
very much slower when about 75 per cent of the neutral fats has been 
hydrolysed. The fact that under the conditions of the experiments 
it was very difficult to keep up a thorough intermixture of fat and 
acidulated water, satisfactorily explains this slowing down of the 
reaction. It may be safely assumed that provided a thorough inter¬ 
mixture, as in an emulsion, could be brought about, hydrolysis would 
proceed much more rapidly (see below), for the catalytic action of 
hydrochloric acid is even exercised at the ordinary temperature, in 
course of time, as is proved by the following experiment carried out in 
my laboratory : ^— 

100 grins, of cotton seed oil shaken through with 50 c.c. of hydro¬ 


chloric acid: 

Original acid valuo .... 0-3G 

Acid value after 1 day . . 1-22 

„ „ 7 days . 3-0<> 

„ „ 107 „ . . . 95-10 

„ „ 213 „ . . . 130-20 


Much better results are obtained by employing as a catalyst con¬ 
centrated sidphuric acid, which seems to act to some extent as an 
emulsifying agent in the technical process of hydrolysis by means of 
concentrated sulphuric acid (Vol. III. Chap. XV. “ Acid Saponification,” 
” Sulphuric Acid Saponification ”). In the case of saturated glycerides 
the sulphuric a(ud acts solely as a catalyst. In the case of olein a 
similar action may be assumed to take place at lirst so that the action 
of sulphuric acid could consist, in the first instance, in the formation 
of sulpho-compounds of glycerides (p. 62), the composition of which 
has been investigated by Geilel.^ At higher temperatures, such as are 
employed in practice, these are decomposed rapidly to compounds 
forming a complete emulsion with water and fats, so that on agitating 
the emulsion with steam, complete hydrolysis to glyceiol and fatty 
acids is gradually brought about. As the ordinary oils and fats may 
be looked upon as consisting chiefly of mixed glycerides, the action of 
the acid consists both in behaving as a catalyst and as a chemical 
agent, producing in this latter case well-defined chemical compounds. 

The earliest experiments on the “ acid saponification ” process arc 
to be found in Dictionnaire de Maquer, t. iii. 370, and arc ascribed to 
Cornelte, 1777. In 1790, Papillon recommended the use of a fat and 
sulphuric acid as a process employed in England commercially. There¬ 
fore Chevreul speaks of the sulphmic acid saponification as a well- 
knowm process. But there is no mention made yet of technical 
application. 

Experiments instituted in my laboratory,^ and detailed in the 
following table, illustrate the progress of hydrolysis:— 

^ Berthelot (C%tw. organ. U. 82) states that olein alter treatment with aqueous hydro¬ 
chloric acid for 96 hours at 100“ C was hydrolysed to some extent, but not completely. 

* Unpublished results. 

^ Joum. /. prakl. Ohem., 1888 (37), 68, Cp. Lewkowitsch, Journ. Soc. Chein. 
Ind., 1897, 892. 
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Tallow hydrolysed with 4 per cent of concentrated Sulphuric Acid 
at 120“ C. (Lewkowitsch) 

Product contained 
Pi'oo Fatty Acids. 

Pc'f cent. 


Sample taken after 1 hour’s steaming . . 42-1 

„ 2 hours’ „ 65-1 

3 ,, 79*3 

„ 4 „ 83-7 

V T) „ . . 88-0 

„ .. fi „ „ 91‘7 

„ 7 .. 91-7 

„ .. 8 .. .. 92-3 

.. 9 .. . . 93-0 


It should, however, be pointed out that the fatty acids thus obtained 
are not exclusively the hydrates of the acid radicles contained originally 
in the glycerides, as sulpho-fatty acids are formed first, which, in the 
case of the unsaturated fatty acids, lead to the formation of hydroxylatcd 
fatty acids (cp. Chap. III., and Vol. III. Chap. XV. “ Conversion of 
Oleic Acid into Candle Material ”). 

In the following table I collate a number of experiments (unpub¬ 
lished) carried out by me with a view to ascertaining the amount of 
hydrolysis brought about by sulphuric acid of varying strength. It 
will be seen that there is a gradual decrease of hydrolysis with the 
decrease in the strength of the acid until, when using acid containing 
only 60 per cent of SO 4 H 2 , the hydrolysing action ceases altogether. 
With regard to the action of dilute sulphuric acid, it has been shown 
above (p. 63) that oils and fats, i.e. triglycerides, are practically not 
acted upon by diluted sulphuric acids. Inasmuch as the completion 
of the hydrolysis in the sulphuric acid saponification process is effected 
by steaming, e.<j. in dilute solution, it would follow that the lower 
glycerides (i.e. mono- and di-glycerides) which (according to theory) 
are formed, would be more readily attacked by dilute acid. This 


[Table 
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theoretical postulate is clearly brought out by the experiments of 
van EUik Thieme, detailed in the following table :— 


5 grs. of Tri-, Di-, and Mono-laurin hailed 5 minutes with 
Sulphuric Acid of the Concentrations given below. 



100 c'.c. con- 

lOO c.c. con¬ 

100 c.c. con¬ 

Acid Values. 

tainiiiR 0-;i7 gr. 

taining -I'SS gr. 

taining 10-H3 gr. 


H 2 SO 4 . 

112804 . 

H 2 SO 4 . 

Trilanrin 

0-25 

0-24 

0-83 

Dilauriii 

0-82 

MS) 

2-10 

Monolaurin . 

15-21 

53-51 

104-(U 

_ _ 


A similar but much more pronounced emulsifying action than is 
obtained with concentrated sulphuric acid is prodiiced by means of 
the sulplio-aromatic compound introduced by Twdchell} By adding 
about 1 to 2'5 per cent of this reagent to oils and fats, and heating them 
for a certain length of time in a current of steam, they are almost 
completely hydrolysed, especially if a few per cent of free fatty acids 
bo present, as these seem to be necessary to induce the reaction or at 
least influence favourably the starting of the hydrolysis. A series of 
experiments carried out in my laboratory gave the results set out in 
the following table ^ :— 

' Euj-lisli patoiittTJl, 1898; Uriiti'il Status],ak'iit 001,ijOS ; (ierniaii jiatent 114,491. 
Jimrn. .-tmrr. C/iem. Siic... 1900, 22. Cp- also Vol. 111. Chaji. .W., ami “Turkey Hed 
Oils,” Vol. 111. Chap. XV. 

’ Mitlierto uiipulillshefl results. 


[Table 
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I have further instituted a series of experiments with “ sulpho- 
aromatic compounds ” prepared from naphthalene, anthracene, and 
phenanthrene respectively. From the numbers given in the following 
two tables it will be seen that the reagent prepared from naphthalene 
is much more effective than that obtained from anthracene or phen- 
anthrene, but in each case hydrolysis practically reaches 100 per cent 
after a given time. 

Hydrolysis of Cotton Seed Oil by means of 1 per cent of Sviphostearo- 
aromatic Compounds (Lewkowitseh) 


(rt) Neutral Oil 


Sulphofltearo-aromatic 
CompouDd of 

Original 

Acid 

Value. 

0} hrs. 

18 hrs. 

194 hrs. 

26 hra. 

824 hrs. 

39 hra. 

454 hra. 

Naphthalene 

1-22 

146-7 

190-7 

201-4 

211-4 




Anthracene . 

1*22 

2-5 

21-8 

76-3 

170-7 

186-6 

190*7 


Phenanthrene 

1-22 

45-7 

125-7 

177-7 

183-6 

191-1 

201-2 



(6) Oil containing Free Fatty Acids 


Sulphostearo-aromatic 
Compound of 

Original 

Acid 

Value. 

64 hra. 

18 hra. 

104 hra. 

26 hrs. 

821 lira. 

89 hra. 

454 hra. 

Naphthalene 

8*3 

30-9 

194-1 

216-9 

216-7 




Anthracene. 

8-3 

15-01 

60*5 

112-4 

147-2 

148-2 

189-8 

202-8 

Phenanthrene 

8-3 

42-3 

169-9 

156-4 

181-6 

184-2 

204-2 

204-2 


The composition of the reagent is stated by Twitchell ^ to be 
CglljlSOjHiCjgHjjOj in the case of benzene being used for its 
preparation, CjoH 8 (S 03 H)CjjH 3502 in the case of naphthalene, and 
C 3 H 3 ( 0 H)(.S 03 H)CjjH 3502 in the case of phenol. 

The preparation of a “ Twitchell reagent ” from sulphonated higher 
alcohols, such as occur in (wool wax) wool grease, beeswax, and other 
waxes (cetyl alcohol) or from the waxes themselves, has been claimed 
in a Patent Application on the part of the Vereiniyte Chemische 
Werke, but the application has been withdrawn. Later the Vereinigte 
Chemische Werke patented the preparation of a Twitchell reagent^ 
from aromatic sulphonated fatty acids or oils and fats (such as castor 
oil), which had been previously subjected to a hydrogenating process 
(see Vol. Iff. “ Hydrogenised Fats ”); in other words, the “ Twitchell 
reagent,” instead of being prepared from oleic acid, is obtained from a 
sulphonated, practically saturated hydroxylated fatty acid. 

* Joum. Amer. Chem. Soc., 1900, 22. 

EiigllRli patent 749, 1912 ; French patent 439,209; United States patent 
1,058,633 ; and German patent application of 2nd February 1912. 
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Pelroff^ proposes a hydrolysing agent, prepared on the lines of the 
Tmtchell reagent, from petroleum hydrocarbons by treatment with 
concentrated sulphuric acid. 

It should be pointed out that the fatty acids obtained by this 
process have not undergone any change, and that they therefore 
represent the hydrates of the fatty acid radicles which are originally 
contained in the oils and fats employed. This should bo emphasised, 
inasmuch as it shows that whereas in the course of hydrolysis by means 
of concentrated sulphuric acid secondary reactions occur, such secondary 
reactions do not take place in the Twitchell method of hydrolysis. 
Herein may be found proof for the view that no true sulphonated acids 
are formed. (For the technical application of this process see Vol. III. 
Chap. XV. “ Saponification by means of Twitchell’s Reagent.”) 

It would thus appear that the action of the Twitchell reagent, 
which must naturally be looked upon as a chemically acting substance, 
is a purely catalytic one, and may be put in a line with the action of 
ferments ^ which accelerate hydrolysis without apparently undergoing 
any chemical change. Such phenomena as these seem to show the 
extremely important influence which complete emulsion with water 
has on the progress of hydrolysis (cp. Vol. III. Chap. XV. “ Candle 
Manufacture,” “ Soap Manufacture ”). With regard to the hydrolysing 
properties of phcnolsulphonic acid see below, p. 100. 

On washing the Twitchell reagent with brine until no more acid 
passes into solution, a product is obtained which still possesses 
all the emulsifying powers of the “ Twitchell reagent,” but no longer 
effects hydrolysis. The hydrolysing action is restored on adding a 
small amount of a stronger acid. Grimlund ® is of the opinion that the 
“ Twitchell reagent” consists of two different substances: (1) a body 
of unknown composition soluble in brine; (2) the hydrolysing con¬ 
stituent which consists of sulphuric acid and aromatic sulpho-acids. 

The foregoing observations confirm the necessity of working in 
an acid solution. 

It has been pointed out above (p. 42) that free fatty acids, pre¬ 
sumably due to slight hydrolysis of glycerides, occur in seeds. Pelcuze^ 
showed first in 1855 that oil seeds (linseed, poppy seed, cameline seed, 
rape seed, mustard seed, arachis kernels, sweet and bitter almonds) 
contain a substance which is capable of producing comparatively rapid 
hydrolysis of the oils contained in the seeds, and Muntz in 1871 demon¬ 
strated that the first phase of the utilisation of the fatty matter (in 
seeds) runs concurrently with hydrolysis of the oils and fats, and that 
the acidity is due to free fatty acids liberated from the neutral glycerides. 
These observations were confirmed in 1876 by Schulzenberger. Maillot ° 

^ French patent 437,336 ; English patent 27,244, 1912. 

^ Cp. Lewkowitsch, Jahrtmcti der Chptnie, 1907, xvii. 407. 

® E. GriinlunO, Zeits. f. avgew, (Jlwn,, 1912, 1326; Bull, Soc, ChiM, de hrauce, 
Conf^ence XV. 

* Oompt. rmd., 1866, 606 ; Ann. de CInm. et de rhys., 1866 (46), 319. 

® Mude amparte dit piynon et du ricin de I’Inde. Nanuy, 1880. 
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in 1880 endeavoured to isolate from castor seed a soluble ferment which 
was expected to possess lipolytic properties. Experiments by J. R. 
Green * and W. Sie^mund ^ firmly established the fact that the seeds 
have lipolytic action. Comparatively little attention, however, was 
paid to this subject from a technical point of view until Connstein, 
Hoyer, and Warlenherg,^ by an extended series of experiments, showed 
that the ferment contained in castor seed is capable of accelerating 
considerably the hydrolysis of triglycerides, provided they be com¬ 
pletely emulsified with slightly acidulated water. From their observa¬ 
tions I collate the numbers contained in the following table :— 


Hydrolysis of Oils and Fats by means of Castor Seed Ferment 



Qrras. 

Castor Seed. 

Fatty 

Acids 

After 
Hours: 

Tempera* 

ture. 


on or Fat 

OrlRi- 

naL 

Bx- 

tracted. 

formed. 

Per 

cent. 

Acid. 

Tallow . 

6’6 

Gnus. 

5 

Qrms. 

72 

19 

*C. 

35 

Grms. */ioS 04 lI| 

Bone fat 

6*5 

5 


81 

19 

35 

i „ „ 

Cotton seed oil 

6-5 

5 


84 

19 

35 

4 .. .. 

Palm oil 

6'5 

5 


87 

19 

35 

4 .. 

Rape oil 

6-6 

5 


84 

19 

35 


Palm nut oil 

10-.5 

5 


76-6 

20 

Onlinary 

8 .> ,, 

Arachis oil . 

25 



100» 

96 

5 t, M 

Rape oil 

25 


1*3 

100 5 

96 

M 

5 »» It 

Po]ipy seed oil 

2.5 


1*3 

1005 

96 


5 M 

I.inseed oil . 

50 


.5 

83 

24 


10 „ ,. 

Blubber oil (I.) 

50 



7f. 

24 


10 „ 

.> (II.) . 

Olive oil 

50 


5 

84 

24 


10 „ 

50 



86 

24 


10 „ „ 

Sesam^ oil 

50 


5 

85 

24 


10 „ „ 

Almon<l oil . 

50 


f) 

90 

24 


10 „ 

Cacao butter . 

50 


5 

92 

24 


10 ,, 

Palm oil* 

75 


7'5 

77 

6 


IS „ 

Cotton soed oil 

75 


7-.'; 

96 

22 


If. „ „ 

75 


1-5 

82 

44 


If. 

• 

100 


5 

87 

44 


10 „ „ 

Triolein 

75 


7-5 

79 

24 


15 .. 

10 



50-6 

24 



Triacctin 

10 


0-6 

0-4 

24 


2 .. >1 

Tributyrin . 

10 



9-5 

21 


... 


The last two experiments would seem to show that whereas the 
glycerides of the higher fatty acids are comparatively easily hydrolysed,. 

^ Ptoc. Roy. Soc., 1890, 370 ; cp. also Green and Jackson, ibid., 1906, 69. Natyre, 
1909 (82), 100. In Green’s opinion, the view that enzymes initiate and maintain the 
process of germination appears to bo erroneous. This does not, of course, affect the 
view of tlie present author that the enzymes act as catalysts, which only do their work if 
favourable conditions present tliemselvcs. 

2 Monatsh./. Chem., 1890, 272. Beiichte, 1902, 3989. 

* The percentages of free fatty Jicids in the original palm oils were not stated. 

® These numbers are undoubtedly too high, and must he due to experimental errors, 
as the castor seed ferment is also callable of inducing the reverse reaction, viz. formation 
of glycerides from fatty acid and glycerol, so that complete hydrolysis is theoretically 
impossible ; cp. A. E. Taylor, Joum. oj Riolog. Chem., 1906, ii. 87. Moreover, Nkloux 
has shown that the products of the hydrolysis have an inhibiting effect. 
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glycerides of the lower fatty acids offer much greater resistance. Urhain, 
Saiigon, mid Fevje ^ have, however, demonstrated that free fatty acids 
somewhat inhibit the action of the ferment; and that this inhibiting 
action increases, the lower the molecular weight of the free fatty acid. 
These observers conjecture that in the case of triacetin and tributyrin 
tlie free acetic and butyric acids stopped the progress of hydrolysis; 
this was confirmed by Iloyer ; ^ on the other hand, A. E. Taylor ® 
stated that triacetin is very readily hydrolysed in the presence of 
castor seed ferment. 

The extent of hydrolysis stands in a definite proportion to the 
quantity of ferment present; this is shown by the following numbers, 
which I have arranged in tabular form :— 


Hydrolysis of Castor Oil by means of Caslor Seed FermenI, showiny ilie 
Influence of the Quantity of Seed 


Oil. 

(iriiis. 

BxlractfiU 
Oistov Seed. 

Fatty 

Acids 

formed. 

Per 

cent. 

After 

Hours: 

Acid. 



Grms. 




Ca.'^tor oil 

5 

0*5 

89 

24 

5 grins, of 2 per cent acetic acid 




92 

48 



10 

0-5 

81 

24 

10 „ 




M 

48 



15 

0-6 

77 

24 





87 

48 


1. 

20 

0*5 

71 

24 

to 

o 




80 

48 



25 

0-5 

60 

24 





74 

48 


I ,1 

60 

0*6 

49 

24 

r-o 




49 

48 


II II 

10 

0-2 

55 

24 





64 

48 

19 




70 

72 

10 




70 

96 

10 „ 




78 

120 

10 




79 

1^4 

10 ,, „ 




79 

168 

10 




79 

240 

10 


The quantity of water used for emulsifying the fat influences favour¬ 
ably the amount of hydrolysis up to a certain extent,'* as will be 
gathered from the following table :— 


1 KuH. ^oc. Chilli., 1904 (31), 1194. 

- Zeits. f. pktjs. Cbem., 1907 (.^0), 414. 

* Journ. of Bwlog. Chem., 1900, ii. 89. 

* Cp. Fokin, Oh^m. Revue, 1904, 119; 139 ; 169. 
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Hydrolysis of Castor Oil by means of Castor Seed Ferment^ showing the 
Injluence of the QuaiUity of Water 



Gnns. 

Castor Sewl 
containing 
Oil. 

Free 

Acids 

formod. 

Per 

cent 

After 

Hours: 

Acid. 



GrmB. 




Castor oil 

6-5 

5 

68 

3 

2 gi-ms. of 2 per cent acetic acid 




74 

18 





74 

42 


i> It 

6*6 

6 

74 

3 

4 I. 




80 

18 





84 

42 


•T -t 

6-6 

6 

76 

3 

6 




84 

18 





86 

42 


■ > 

6*5 

5 

76 

3 

8 




87 

18 





85 

42 


II 

6-5 

6 

76 

3 

10 




86 

18 





86 

42 



For tables summarising similar experiments made by iVicZowx, and 
detailing tbe influence of temperature, of the products of reaction, of 
the quantity of ferment present, and for the applicability to the enzymic 
hydrolysis of the general (logarithmic) law, K = ( log. as expressing 
correctly tKe velocity of the saponification, the reader must bo referred 
to the original pamphlet.^ With regard to the choice of the acid, it 
may be stated that the weaker the acid the more pronounced is the 
progress of hydrolysis. For a number of experimental results obtained 
wjth acetic, sulphuric, oxalic, phosphoric, tartaric, hydrochloric, nitric, 
hydrofluoric, and citric acids, as also with neutral and acid salts of 
calcium and magnesium, on different oils and fats, Niclouxs pamphlet 
must be consulted. Witli regard to the “ activating influence of 
these salts, especially of manganese sulphate, cp. Vol. III. Chap. XV. 
The statement that carbonic acid in seeds favourably influences the 
hydrolysis of the contained oil is confii-med by experiments of Nkloux, 
Urbain, and Fokin, whilst Hoyer maintains that carbonic acid is in¬ 


capable of assisting hydrolysis. 

r. Tanaka ^ is of the opinion that the action of the dilute acid 
in the fermentative process of hydrolysis consists exclusively in con¬ 
verting an insoluble zymogen, present in the castor seed,^ into an 
active lipase, which is, like tlie zymogen itself, insoluble in water. 

1 Maurice Nicloia, ContrihUion r^tude de la Sapomficatim Corps Orm, 
Paris, 1906 : cp. also A. W. Vi.sscr, Zeits. f. physik. Chetnie, 1905 (6J), Z57. a. buler, 
(Hoppe-Seyier’s ZeiU. f. physiol. Chem., 1905 (45). m ; Zeit. / d.gesam Btoch^a^ 
1905 (7); ZuT KeMntnm dcr Kaialascn) ; A. E. Taylor, JtMm. 

ii. 87; H. E. Armstrong and E. Ormerod, Proc. Roy. u8), J76 ; D. 

Sommerville, Bwchevi. Joum., 1912 (6), 20.3 ; 0. Loew, Biodhm. Zeits., 1911 (31). 159 ; 
L. Berczeller, Biockem. Zdls., 1911 (34). 170 ; Y. W. Jalander, 1911 

(36), 435 ; K. F. Kalk and T. M. Nelson, Jourru Amer. Chem. Soc., 1912 (34), 736, oZo. 

2 Joum. of the College of Engin,, Tokyo, 1910 (v.), 26. 
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On washing thoroughly the lipase, prepared by means of acid from 
castor seed, with water, so as to remove every trace of acid, the lipase 
still exhibits strong hydrolysing powers, without requiring the addition 
of any acid. Active lipase, therefore, is most effective in neutral 
solution, and is inhibited in its action by the presence of free acid, 
especially of free mineral acid. In an alkaline medium, hpase is in¬ 
active, and is less resistant to alkalis than the zymogen from which it 
originates. 

Later experiments ^ showed that an optimum quantity of acid 
liberates the enzyme present as zymogen, and does not render the 
lipolytic medium acid. Tumka prepares, therefore, an active “ lipa.se 
powder ” by triturating 100 grms. of extracted or expressed castor 
seed with 600-700 c.c. of 1/10 normal acetic acid or about 500 c.c. of 
1/10 normal sulphuric acid at 30° to 36° C. for 30 minutes. The 
milky liquid is then filtered and the residue tlioroughly washed with 
water and dried at a temperature not exceeding 40° C. The “ lipase 
powder ” thus obtained as an odourless, tasteless, white powder, is free 
from soluble matter. This preparation rapidly hydrolyses fats in the 
presence of water alone. Tanaka states that the “ lipase powder ” 
can be kept tor a long time without materially losing il-s activity. He 
confirms the observations of previous observers (.see above) as to the 
stimulating or, as the case may be, retarding influence of salts. Whilst 
confirming the stimulating effect of the manganese salt, he shows that it 
accelerates the hydrolysis in the first phase only. Glyceiin acta as 
an inhibitor. The retarding influence of oxidised fatty acids is most 
pronounced in the case of polymerised and drying oils. Tanaka adds 
to the list of substances having a stimulating effect: leucine, aspara¬ 
gine, and similar decomposition products of proteins. 

The technical application of hydrolysis with the aid of the castor 
seed ferment, and the attempts made hitherto to isolate the latter, 
will be described in Vol. III. Chap. XV. under “ Preparation of Soap 
Stock Fatty Acids by the Ferment Process.” 

Ferments contained in other seeds do not as a rule exhibit the power 
of hydrolysing glycerides in the same pronounced manner. The seeds 
of Hevm hmsilkmis (see Vol. II. Chap. XIV. “ Para Rubber Tree Seed 
Oil ”) contain a powerfully acting enzyme. Fokin ^ studied the 
lipolytic action of a large number (60) of seeds. The ferment contained 
in Chelidonium tnajus appears to approach, as regards lipolytic activity, 
that of castor seed, whilst all others showed much weaker effects. 
Fokin’s opinion® that all plants which contain lipolytic ferments are 
poisonous, cannot be admitted as being correct. It is much more 
reasonable to assume ® that in all seeds in which fat is stored a ferment 
is contained which hydrolyses the fatty reserve material at the time 
it is required for the germinating embryo. 

For the action of other lipolytic ferments, such as those contained 

^ Journ. of the GoUege of Kngin.^ Tokyo, 1912 (v.), No. 4, pp. 125-152. 

Ghem. Reme, 1904, 48, 69, 91 ; cp. also Scliuiian.ski, Cheiti. Zeit., 1911, 1376. 

' Chan. Rev., 1906, 130. 

‘ Cp. Lewkowitsob, JahrhKh der Uhemie, 1906, ivi. 307; Duulap auil Seymour, 
Joum, Amer. Chun, JSoc., 1906, 936. 
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in Ahrus frecalorius (Braun and Behrendl'^) in fungi (Zellner^), in 
kola nut (Masthaum^), in the seeds of Croton Ti(jlium (Scurli and 
Parrozzani *), of Aesculus hippocaslanum (Sieguiund ®), of sweet almonds 
(M, Tonegutti ®), the original papers given in the footnotes must be 
consulted. 

The enzymes contained in animal organisms (Claude Bernard) 
appear to act much more slowly than those occurring in the seeds 
of plants. Thus the lipase contained in the liver, whilst it hydrolyses 
ethylbutyrate somewhat readily,^ hardly attacks oils and fats; this 
has also been confirmed in the author’s experiments.® 

- Steapsin, the ferment contained in tlie pancreas,® is, however, a 
comparatively powerful fat-hydrolysing ferment, as is proved by 
experiments made by the author in collaboration with Machod}^ The 
following table recapitulates some of the results which the author 
obtained with two steapsiu preparations “ 1 ” and “ 2 ” furnished by 
Madeod :— 

' neHctUe, 1903, 1900. 

- Mouatsh.f. Chm.., 1906 (27), 295. 

^ (:hem. lievue, 1907, 5. 

^ t'hnn.Zeit., 1907, 229. 

^ Monafsh./. aim., 1910 (31), 657. 

** .S7a.:. Spar. Agr. Hal., loio, 723. 

’ Kastle and Loevwiihavt, Juinii. Apier. Chnn. Soc.., 1900 (24), 49. 

* Lewkowitsch, Jmiru. S'>c. Cheni. hid., 1903, 73. As to ati explanation of the 
inactivity of the liver lipase cp. K. Majjaii.s [ZeUs. f. phys. fhem., 1904 (42), 149); 
cp. also H. E. Armstrong, Pmc. Jioi/. Sue., 1905, 606 ; Uodeii-stciu, Chm.. Zeil., 1906, 

557. 

^ With regard to pancrmlic Upane 0. Rosenheim and .1. A. Shaw-Mackenzie, 
Journ. Physiol., 1910 (xl.) ; cp. also P. Saxl, Biorhem. Ziits., 1908 (12), 343 ; C. A. 
1‘ekelharing, Zeits. /. physiol, Ohem., 1912 (81), 355. I(. Daviilsohn, Biochem. Zlsrhr., 

1912 (45), 284, is of the opinion that pancreas lij)ase dill'ers in its action from a lipase 
occurring in the stomaeli. Cj). Idn/t. Jlnd., 1913 (49), 249. 

Proc. Roy. Soc., 1903 (72), 31. Cp. also J;e\vkowits(rh, Report on. F. Inlcrnat. 
(JongresH, Berlin, vol. ii. p. 544; Fokin, Vheui, Rhk, 1901, 244; Warburg, C'hevi. 
Centralb., 1906 (ii.), 1784 ; E. Baur, Zeits. /. angevu <!hem., 1909, 97 ; E. F. Terroine, 
Bioche.vi. Zeits., 1910 (23), 404 ; E. Fernandez, (JIwm. Zeit., 1910, 331; M. E. I’einiingtoii 
and J. S. Hepburn, Journ. Am. (.'hem. Soc.^ 1912 (34), 210. 


[Table 
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Kmitz^ states that by extracting with glycerol the pancreas of 
neat and pigs, preparations were obtained which hydrolysed olive oil 
within six hours to an extent of about 30 per cent. 

The hydrolysis of the mixed triglyceride lecithin by means of 
steapsin has been mentioned above (p. 38).^ 

The difficulty and costliness of preparing animal'ferments as com¬ 
pared with the facility with which any desired quantity of vegetable 
lipolytic ferments can be obtained, places the technical application of 
animal lipolytic agents outside commercial considerations. 

It has been incidentally shown in the previous pages that hydrolysis 
does not readily reach completion, as the chemical reaction involved 
in hydrolysis is a reversible one ; the products of hydrolysis thus have 
a tendency to recombine, and hence to reproduce again glycerides. 
By means of water, or concentrated sulphuric acid, or the TwUchdl 
reagent, complete hydrolysis can be effected; in the case of water, 
by increasing the temperature and the time ; in the case of the last 
two reagents, by increasing the quantity of the accelerator, as also 
the length of time during which the masses are allowed to react. With 
enzymes the progress of hydrolysis is also influenced by the mass of 
ferment pre.sent, but only to a certain extent, and, for practical reasons, 
it is obviously impossible to increase the proportion of ferment beyond 
a certain amount. Hence the reverse reaction can take place more 
readily. Whilst Croft Hill ^ is of opinion that all enzymatic processes 
are reversible, the author was unable to find any such action in the case 
of hydrolysis by means of steapsin. The small number of experiments 
made in this direction do not, however, permit general conclusions to be 
drawn ; for Pollevin’s ^ synthesis of mono-olein and tri-olein, as also 
Taylor's confirmation of the synthesis of triolein (whilst negative' 
results were obtained in the case of palmitin and stearin), must be 
interpreted as proving that synthesis of glycerides, i.e. the reverse 
reaction, does take place even in vitro. Recently the evidence that the 
enzymatic hydrolysis is a reversible process has been confirmed by 
several experimenters.*’ Thus Welter ® has shown that the synthesis 
of glycerides can be effected by means of the castor oil ferment at the 
ordinary temperature in vitro, and reach as high a percentage as 36, if 
the mixture of fatty acids, glycerin and ferment, is kept free from water 
as far as possible. Further, A. Ilamsik ’ has shown that pancreas lipase 

* Hoppe-Seyler’s Zeits.f. physiol. Ckeiii., 1905 (46), 462 ; cp. also A. Froiufue, Zeits. 
/. die gesainte Biocheni., 1905, 51. 

^ Cp. also Schunioff-Siinanowski and N. Hieher, Zeit./. physiol. Chem., 1906 (49), 60. 

* Joum. Chem. iSve., 1894, 634. 

* Cp. Annul, del’Inst. Pasteur, 1906, 901. 

® For further references to the literature of fermentative synthesis (mostly of a 
strictly physiological character) cp. A. K. Taylor, Joum. of liiolog. 6’Am., 1906, ii, 89, 
p. 687. 

* Zeits. /. angew. Chem,., 1910 (24), 385 ; cp. also W. Dietz, Zeits. physiol, Chem., 
1907 (62), 279 ; K. L. Dunlap and L. 0. Gilbert, Journ. Aiuer. Chem. Soc., 1911 (33), 
1787', S. Iwanow, Berichte d. deulsch. botan. ges., 1911 (29), 695. 

’ Hoppe'Seyler’s ZeiU. f. physiol, them., 1911 (71), 238 ; cp, also M. Krausz, 
Beilrdge zur fermentativen FeUspaltung, Pecs, 1910. 
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is capable of effecting the synthesis of palmitin and stearin from glycerol 
and palmitic and stearic acids respectively. Moreover, there can be 
no doubt that in the animal organism there occurs a rhythmic play of 
enzymatic hydrolyses and syntheses of fats, according to the local 
requirements of the organs, for on no other assumption ^ is it possible 
to explain satisfactorily the influence of food on the composition of 
the milk fat of mammals (cp. Vol. 11. Chap. XIV. “ Animal Fats”). 
The synthesis of glycerides by means of TwitchelVs reagent has been 
shown above (p. 7) to be feasible on a practical scale. 

Thus the analogy pointed out above as existing between the catalytic 
action of the Twitchell reagent and that of the castor seed ferment may 
be expanded into the statement, that they are both able to effect, under 
suitable conditions, synthesis as well as hydrolysis, much in the same 
manner as platinum black ^ is capable of acting as an accelerator both 
in hydrolysing and synthesising glycerides. 

Another class of accelerating agents which are employed on a very 
large scale arc basic materials, such as zino oxide, magnesium oxide, 
calcium oxide, and especially the caustic alkalis. 

If the view that the bases act as accelerating agents, in other words 
as catalysts, be correct, it should not be imperative that the bases 
be present in at least molecular proportion to the fatty acids that will 
result on complete hydrolysis. The greater the amount of the bases 
present, the more rapidly should the resolution of the glycerides into 
their components take place, and the greater should be the amount 
of salts of the fatty acids formed. But a deficiency of the bases necessary 
to neutralise all the fatty acids obtainable by complete hydrolysis 
should not preclude the completion of hydrolysis. 

■ Since the velocity of saponification stands in direct ratio to the 
quantity of the bases, then, in the presence of an excess of liases, it 
should be possible to lower the temperature and shorten the time 
required for effecting practically complete hydrolysis. These views 
are confirmed by the practice of the technical process of saponifying 
(hydrolysing) by means of lime. The quantity of lime required to 
neutralise the fatty acids produced on completely hydrolysing a 
glyceride can be calculated from the following summarising equation :— 

OR OH 

(4) 2CaH60R-|-3Ca(0H)2=2C3H60H + 3Ca(0R)2. 

OR OH 

The amount of caustic lime—CaO—required for a triglyceride 
having the mean molecular weight 860, is 9-7 per cent, but even pro¬ 
longed boiling with steam in an open vessel with that proportion of lime 
will not lead to complete saponification. Unless the proportion of 
caustic lime be raised to 12-14 per cent, the hydrolysis of the glyceride 

^ This viuw does not, of coui*so, postulate that there should be present in the tissues 
an amount of lipase proportional to the amount of fat deposited iu the tissues (cp, 
H. C. Bradley, Jovrn. liiot. Chem,, 1913 (13), 407). 

2 C. H. Neilson, Amer. Journ. o/ Phys., 1904 (10). 191. G. Brcdig., Ceniralb. f. 
Dakter., Parasit. u. Infect., 1907 (xU.), 485. 
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cannot be brought to an end in an open vessel, i.e. at a temperature 
of from 100° to 105° C. (cp. Vol. III. Chap. XV.). If, however, the 
temperature be raised (as is done on a large scale by treating fats with 
milk of lime in an autoclave under ptessitre ; see Vol. III. Chap. XV.), 
the proportion of caustic lime can be reduced gradually, until, at a 
pressure of 12 atmospheres (corresponding to a temperature of 190° C.), 
even 1 per cent of lime suffices lor practically complete hydrolysis. 
Although the glyceride is completely hydroly.sed, only so much of the 
fatty acid is neutralised by lime, i.e. converted into lime soap, as is 
chemically equivalent to the quantity of lime employed. 

The same consideration.s*-mrifa(is mutandis —hold good if zinc 
o.Kide, magnesium o.xide, or caustic alkalis are used as accelerators. 
In the la.st case, hydrolysis proceeds much more rapidly, inasmuch 
as in contradistinction to hydrolysis accelerated by lime, a water- 
soluble soap is formed, which helps to emulsify the fats. There can 
be no doubt that under pressure complete hydrolysis would be brought 
about by an ainonnt of caustic alkali insuflicient to neutralise all the 
fatty acids formed. On a large scale, for obvious reasons, sindi a 
proce.ss is not emj)loyed. The compounds resulting from the combina¬ 
tion of fatty acids and caustic alkalis being useful commendal products— 
soaps—the aim of the manufacturer is to conduct operations in such a 
manner that these products are obtained concurrently with the hydro¬ 
lysis of the tats. Hence, on a commercial scale oils and fats are boiled 
in open vessels with a solution of caustic alkali, containing not only 
sullicient alkali to neutralise all the fatty acids obtainable on hydro¬ 
lysing the glycerides, but also an excess whereby also the time rerpiired 
for the completion of the reaction is shortened. Indeed, this excess 
of alkali is necessary in order to complete the reaction and to do so in 
the shortest possible time. 

In accordance with the law of mass action, the velocity of the 
reaction will he great at the beginning and will gradually slow down 
until an equilibrium i.s establi.shed between the tendency of alkali to 
neutralise the acids, on the one hand, and the opposite tendency of 
water to dissociate the soap formed, on the other. Hence, under the 
given conditions of temperature and pressure, an e(juilibrium will be 
established very rapidly, beyond which no further progress of the 
reaction in cither direction will occur. 

This is clearly brought out by the following experiments carried 
out in my laboratory by Clapham and by de Greif: *— 

(1) 2000 grins, of tallow were “ boiled ” by means of open steam, as 
in the method employed on a large scale, with 282 grms. of pure caustic 
soda—the theoretical quantity required to neutralise the fatty acids 
obtainable. The boiling was continued beyond the time required 
on a manufacturing scale. The pasty soap gave on examination the 
following result:— 

1 C|I. tliict wlition of tills work, Vol. I. |>. .fS, niiJ Lewkowitsoli, “Modern Views on 
tlie (.'uii-stitiition of Soap,” Jimrn. 1907, 590. 
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Per cent. 


Total fatty matter ..... 33'00 

Total alkali...... 3*708 

Fatty acids as soap ..... 31*01 

'Combined alkali as soap .... 3*490 

Unsaponiiiod fat ..... 2*0 

Free alkali ...... 0*212 


Tliis experiment sliow.s that only 94 per cent of tlie tallow waa saponified. 
On adding an excess of alkali, the equilibrium between the reacting 
ma.ssea is changed in the direction of a greater amount of soap being 
formed, so that by employing a suitable excess—as is done on a large 
scale—complete hydrolysis of the fat, followed immediately by complete 
neutralisation of the fatty acids, is obtained. 

(2) 3000 grms. of salHower oil (of the saponification value 192*37) 
were boiled in a similar fashion with a .solution containing 412*2 gi*ms. 
of sodium hydroxide. After the whole amount of caustic soda had 
been added, a sample of the mass taken out of the soap-kettle showed 
the following composition ;—h'atty matter, 29*23 per cent (consisting 
of fatty acids, 25*18 per cent; unsaponified oil, 4*05 per cent); total 
alkali, 3*09 per cent (consisting of combined alkali, 2*80 per cent; free 
alkali, 0*23 per cent) ; or, calculated to 100 parts; Fat saponified, 
86*14 per cent; fat unsaponified, 13*86 per cent; alkali combined, 
92*56 per cent; alkali free, 7*14 per cent. 

The remainder of the fatty mass waa boiled for a somewhat longer 
period, and the curd thrown up by salt. The curd contained : Fatty 
matter, 60*10 per cent (consisting of combined fatty acids, 54*92 per 
cent; unsaponified fat, 5*18 per cent); total alkali, 6*59 per cent 
(consisting of combined alkali, 6*26 per cent; free alkali, 0*33 per 
cent); or, calculated to 100 parts : Fat saponified, 91*36 per cent; 
fat unsaponified, 8*64 per cent; alkali combined, 95 per cent; alkali 
free, 6 per cent. 

From the foregoing it will be evident that for amlytical purposes 
the most rapid method for hydrolysing fats consists in using caustic 
alkalis. Since, however, even the employment of an excess of alkali 
in aqueous solution entails a very lengthy operation, which is not 
always carried out successfully by an analytical chemi.st without some 
practical experience in soap-making, it is ncce.ssary to accelerate 
hydrolysis still fui*ther in the luhoratmy. This is done by employing 
caustic alkalis in strong ethylalcoholic (or amylalcoholic) solution. 

The action of caustic soda in alcoholic solution need not be con- 
■sidered as differing, theoretically, from hydrolysis in aqueous solution, 
if we look upon alcohol as water in which one hydrogen atom is replaced 
by the group C 2 H 5 (or CjHjj).! Ignoring for a moment the alkali, the 
hydrolysis would proceed according to the following equation— 

OR OH 

(5) C,H,OR-|-3H. 0CjH5=CjH50H+3R . OC,H„ 

OR OH 


Cp. Science^ Decciiibvr 0, 1901, New York {Lcwko>Yitsch); cp. also above, p. 71. 
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which should again be looked 
equations:— 


upon as summarising the following three 
OH 


(6a) C3H5OHH- HO. C.Hs^CaHjOR+R. OCgHj, 
OR OR 

OH OH 


(66) CyicOH l-I10.02H,-C3H60HH-R.OC..lfs, 
OR OR 

OH OH 

(5c) CsHsOH+HO.CgHs-CsIVm+R.OC,!!,. 
OR OH 


The resulting products would be glycerol and ethylic esters of the 
fatty acids. Althougli the feasibility of these reactions liad not been 
tested experimentally, the author ^ had expressed the opinion that with 
anhydrous materials and under high pressure,^ especially if assisted by 
a suitable catalyst,® the reaction would very likely proceed a long way 
in tlie direction indicated by the equation (5). 

This prediction has been realised in the method of llalkr,'^ who 
employs as a catalyst hydrochloric acid (cp. p. 79). Haller warms 
one part of oil or fat with two parts of alcohol (methyl alcohol,® ethyl 
alcohol,® or propyl alcohol) containing 1 to 2 per cent of hydrochloric 
acid,^ until a homogeneous mixture is obtained. The chemical change 
is expressed by equation (5). According to the alcohol employed, 
methyl-, ethyl-, or propyl-esters of the acid radicle originally contained 
in the glycerides are formed. The glycerol obtained simultaneously 
can be removed by washing the product of the reaction with water. 
The application of this method of hydrolysis, which has been termed 
by Haller “ alcoholysis ” (and in especial, according to the alcohol 
employed, " methanolysis,” “ ethanolysis,” “ propanolysis ”), to the 
examination of oils and fats ^ will be considered in Chapter XII. 

A catalyst, which behaves in a manner similar to that of hydro¬ 
chloric acid, is, according to Haller, phcnolsulphonic acid. The 
similarity of the latter to the Tmlchell reagent renders it very likely 
that the Twitcheil reagent also would act as a catalyst in alcoholic 
solution. 

In the absence of water the chemical change cannot proceed beyond 
the formation of ethyl esters. But if tlie alcohol contain water, the 
ethyl esters in their turn arc hydrolysed by the water to some extent. 
Complete hydrolysis, as indicated by the following equation— 

( 0 ) liails.OR 1 aa.0fI-3R.01lH 3 C 2 H 5 .OH, 

^ Jouni. iiK'C. lad., 1903, 695. 

'•* This i'lca has heen pateiiteil by Dreyinana : English patent 10,466,1904, Gertnau 
l»alent 164,154. 

^ Cp. Ivowkowitsch, “ Frolilems in the Fat Industry,” Jonrn. Soc. ('kern. Jnd., 1903, 

* Compt. rend., 1906 (113), 657 ; cp. also French patent 361,552. 

^ Similar cxperimenls have been carried out before Haller by Uochlcder, LU-b'uj'n 
Annul., 1816 (49), 260 ; Rorthelot, Ann. de Ohm. et de Pkys., 1854 (41), 3rd serie, 311 ; 
and Chim. oryan. vol. ii. 81. 

° With a view to avoiding possibility of oxidation Rollett adds tin, 

’ Lecitliin and other lipoids are also readily liydrolysed by the same method. Cp. 
E. Fourncau and M. Piettre, liuU. S<tc. Ckim., 1912 (iv.), 805. 
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cannot result, since an equilibrium between ester, water, and free 
fatty acids would soon be established. (It may be pointed out that 
in “alcoholysis” the change is not a complete one.) The reaction 
thus arrested will, however, proceed if alkali be present to neutralise 
the free acid formed. Since in laboratory operations caustic alkali 
is added to the alcohol in a quantity greater than that which is chemi¬ 
cally equivalent to the fatty acids, the fatty acids formed (according 
to equation ( 6 )) will be immediately neutralised, as is shown by the 
following equation :— 

(7) 3R.OH |-3Na.OH-3Na.OR-!-3H.OII. 

Hence the chemical change represented by equation (G) will become 
complete. By adding the three equations (5), ( 6 ), and (7)— 

OR OH 

(ij) f;,H50R+3H. 0C2H5== CjIIjOH -I- 3RO. 

OR OH 

(8) DE.OCjHs-l-.IH.OII SR.OlI-fSII.OaHs, 

(7) 3R.OH 1 ;iNii.OH-3Na.OR-|.3H.OH, 

we obtain as the final result 

OR OH 

CjHjOR 1 3NaOH-.(.'3HjOH I 3N,aOI(, 

OR OH 

which is identical with the above given equation (3). 

The correctness of the views 1 have given here is confirmed by a 
number of observations. Thus Duffy has shown that tristcarin, on 
being boiled with a solution of sodium in absolute alcohol, is partly 
converted into ethyl stearate. Bouis also demonstrated that ethyl 
stearate is formed on heating tristearin, dissolved in ether, with small 
quantities of alcoholic potash, and he further showed that the total 
amount of glycerol was split off, the chemical change taking place in 
the course of one or two minutes. J. Bell found that on boiling butter 
fat with half the quantity of alcoholic potash required for complete 
saponification, a light oil is obtained, which solidifies at 43° C. This 
oil, judged by him to be a diglyccride of the composition 03115 ( 01 !) 
( 0 Cj 5 ll 3 j 0 )( 0 CigH 330 ), was actually a mixture of ethyl esters of tatty 
acids. Similarly Allen ^ ascertained that on heating acetin with one- 
fiftieth part of the alcoholic potash required for complete saponification, 
39 per cent of the theoretically possible quantity of ethyl acetate had 
been formed, whilst thrcc-fifticth parts of pota.sh converted 8.5 per cent 
into acetic ester. If a larger proportion of alkali was employed, the 
yield of acetic cater decreased; thus with sufficient caustic soda to 
saponify 39-8 per cent of the acetin used, the amount converted into 
acetic ester was 524 per cent. The formation of ethylic esters on 
saponifying mutton tallow with sodium alcoholate was demonstrated 
by Kossel and Kruger.^ Ilenriques ® confirmed the foregoing experi¬ 
ments by again proving that if an insufficient amount of alkali be used, 

* Ctteni, ’News, 1891, 64 ; 179. Zeils. f. phys. Chem., 1891 (1.7), 321. 

^ Jouru. Soc. Chew, fnd., 1898, 678, 863 ; Zelts. f. awjew. Chem., 1898, 697. 
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the phemical change taking place consists in the complete sphtting off 
of glycerol with formation of cthylic esters (or methylic, or amylic 
esters, according as methyl-alcohol or amyl-alcohol was substituted lor 
ethyl alcohol). Thus he showed that in the ca.se of linseed, rape, 
almond, olive, and castor oils, the complete conversion of the glycerides 
into cthylic esters took place when only 3,3-3 or 25 or 15 per cent of the 
theoretical amounts of alkali was employed ; in the ca.se of castor oil, 
even 10 per cent was found to be sufficient. The “ alcoholysis ” as 
effected by Haller’s method must be considei-cd tlie iiiial proof supple¬ 
menting in a welcome manner the isolated observations enumerated 
above. ^ 

The foregoing views rest on the fundamental principle that water 
(or in modern parlance the OH ion) is the true hydrolysing agent, 
and that in the absence of water the reaction cannot proceed to the 
formation of glycerol. Since for the hydrolysis of 1 grm. of fat no more 
than 0-06 grm. of water is required, the fact that it is difficult to keep 
out traces of water from alcohol (especi.-dly whilst it is being boiled 
witli the tat under examination) sati.sfactorily disposes of a number of 
experiments purporting to show that saponification will take place in 
the absence of water. Such experiments were first Ciirried out with 
sodium alcoholate (sodium ethoxidc, CjHjONa) by Bouis “ and by 
Duffy. Later on Kossel and OhermUUer'^ suggested the same method 
as the quickest and surest means of saponifying fats complctidy in the 
laboratory ; and Kossel and Kruger * stated that in a number of experi¬ 
ments with sodium ethoxide, saponification was com])lete if the 
theoretical quantity of sodium was employed. Since the reaefion 
must take place according to the following equation— 

OK 

(8) CsIIjOR-f SCjHsONa,- CjHj(ONii).•IROC.Us, 

OK 

it is difficult to sec how glycerol can be formed in tlic absence of w.ater. 
Obertmiller, later on, removed the difficulty by the statement that in 
the foregoing experiments the last traces of water had not been excluded 
rigorously, so that the sodium glyceroxidc obtained according to the. 
above equation was readily decomposed by water, with the formation 
of glycerol and sodium hydrate. The sodium hydrate thus set free 
could then react with the more readily saponifiable cthylic esters, and 
their saponification was rapidly completed on boiling. He further 
showed that if carefully dried alcohol was used for saponification, and 
access of moisture from the atmosphere was prevented by means of 
calcium chloride, about 30 per cent of fat remained unsaponified. 
Considering the extreme difficulty of excluding the last traces of moisture 
(calcium chloride is incapable of effecting this completely !), the con¬ 
ditions under which even these experiments were carried out do not 

^ The observation of Hanus {Heitn. /. L'litern. d. Nahreja- n. Uenumn.y 1908, xv. 681) 
that araebis oil and mace butter give iio honiogmieoux solution Avith alcoholic potash, 
requires coniirmation. 

a^mpt. rend., 1857 (45). 35. « ZeiU./. pkysiol.Chm., 1891 (16), 321-330. 

< [bid., 1891 (15), 322. 
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preclude the assumption that traces of moisture had effected the 
saponification of two-thirds of the fat. 

The complete saponification of fats by means of sodium ethoxidc, 
resulting in the production of glycerol and sodium salts of fat ty acids, 
must therefore bo symbolised by the following three equations :— 

O.R O.Na 

(9) CgHcO.R -I 3C2H,O.Na-:C,H.O.N<a-h3RO.(;U„ 

O.U ■ O.Na 

O.Na OH 

(10) CaH^O.NafSH.OlI -C 3 H 5 OH +:{Na.011, 

O.Na OH 

(11) 3R. OO 3 f 3Na. OH - 3H. OCyi^ + 3Na. 0 It. 

These three equations represent three consecutive chemical changes, 
each of which in its turn must be considered as a summary of three 
reactions, such as are represented by equations (In), {16), and (Ic), 
and equations (5a), (56), and (5c). 

Although for many purposes, especially for the subsequent estima¬ 
tion of glycerol, it would be more convenient in the laboj-atory to use 
for saponification such bases as will form insolul)le salts with tlio 
fatty acids (for instance, lead oxide,^ lime, and baryta), they must be 
rejected, as saponification by means of those bases is not complete. 
Therefore in all analytical operations caustic alkalis must he em[)loyed 
if reliable results arc to be obtained. 

Caustic potash is preferable to caustic soda, since j)otasli soaj)s 
are more readily soluble than soda soaps; the more intimate contact 
of the reacting masses thus helps to bring the saponification more 
rapidly to an end. Althougli the theoretical amount required for 
1 grm. of fat is from 0-19 to 0-26 grm. of caustic potash, a considerable 
excess is necessary to ensure complete saponification in a short time. 

TJie following are convenient proportions for saponifying oils and 
fats in the laboratory :—To 10 parts of oil or fat, weiglied off in a flask, 
are added 30 to 40 parts of alcohol ^ by volume, and 4 to 6 parts of 

' Processes of sapoiiilication liy means of lead oxide are claimed in Engli.sli patents 
1033, 1887 ; 18,163, 1895 ; cp. also Sehrautli, A wjJiurger Scif\‘asit’dcr /.ext., 1908, 44*2. 

*• If the cost of spiritji of wine preclude its use, recourse may be bad to nietliylated 
.spirit. Tills alcohol may be purilied for analytn al purposes by the following method, 
proposed by Waller {Joaxn. Anicr. Chan. AVs., 1889, 124 ; 1890, 50):—'J'he 

ah:ohol is shaken with powilcred potussiuni pennaiiKaiiate until it assumes a distinct 
Colouration. It, is then allowed to stand for some hours until Uie iiermanganatc has 
been dccompo.sed ami hydrated manganese peroxide has seltleil. A pinch of calciuni 
carbonate is then added, and the alcohol distilled from a Husk, provided with an cHicient 
fractionating column. The distillate is tested frefimmtly until 10 c.o., when boiled with 
1 c.c. of a strong (syrupy) solution of caustic potash, give no yellow colouration on 
standing for twenty or thirty ndmiles. What distils after that is jireserved for use ; care, 
however, must be taken not to distil to dryness. The alcohol thus prepared is com¬ 
pletely neutral, and is espctunlly suitable for the preparation of alcoholie potash 
solution ; even on stamling for a long time alcoholic potash made from such alcohol does 
not become dark coloured. 

Another method rceominende<l by J. Carter Bell (Joxxni. Soc, Chem, /ml., 1893, 236) 
is as follows: 500 c.c. of mothylate<l alcohol, of about 85 or 90 per cent, arc plained 
in a tlask of about 1000 c.c. capacity, with 25 grins, of stick potash. When the latter 
ha.s dissolved, 250 grms. of molted lard (or of some other saponitiable fat) are ailded. 
Tlie llask is then connecteil with an inverte«l condenser and heated on the water-bath, so 
us to saiKuiify the fat Then the condenser is reversed, and about 460 c.c. of alcohol 
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solid caustic potash previously dissolved in 20 parts' of water. The 
flask is then connected with an inverted condenser, and the contents 
are kept gently boiling for half an hour or an hour. These proportions 
may be varied within very wide limits. Thus Ysfiel de Sche/p/ier and 
Geitel recommend 20 grms. of fat, 40 c.c. of caustic potash of specific 
gravity 1-4, and 40 c.c. of alcohol, whilst Dalimn jiro])Oscs to pour, 
with constant .shaking, a mixture of 40 c.c. of caustic soda, specific 
gravity 1-33, and 33 c.c. of 95 per cent alcohol (cp. also Chap. VI. 
“ Saponification Value ”) into 50 grms. of fat previously heated to 
100° C. 

As commercial alcohol is seldom free from traces of acid, it should 
be tested for acidity, and if nece.s.sary, be neutralised witli dccinormal 
caustic alkali, using phenolphthalein as an indicator ; or the alcohol 
may be distilled over lime or baryta immediately before use. For 
the purposes of analysis, rectified spirits of wine will, as a I'ule, be 
sufficiently pure. It should be examined by boiling a few c.c. with 
several drops of concentrated caustic potash ; pure ali'ohol will not 
become brown ; a slight yellow colour may, however, be allowed to 
pass. The appearance of a brown colour would point to the |>ro.scnce 
of aldehyde or acetone. 

In order to accelerate the process of saponification, Yssd tic i>chcjyp<;r 
and Geitel * add some other, with a view to ensuring a readier contact 
of the particles of fat and alkali. This propo.sal has been repeated by 


are otf. Accordiug to Carter liell, the alcohol thus olitaiiu-d will not tiini 

brown on the adilitiou of potash after several flays, aihl when the solution is kept in a 
strong light only a slight yellow colour may flevelop. 

The }iroperty of soap, to retain the impurities of methylated spirit, is well known 
to manufacturers of transparent soap who dissolve stock soi'ps in l>oiliiig methylated 
•Spirit. Tlie commercial methylated .spirit when first used for tliis process yields 
a distillate which has a much less unplea.sant smell than the crude .spirit. At eacli 
subsefiuent time of using tlie methylatefl spirit a further improvement of the quality of 
the alcohol takes place ; ultimately a spirit Is olitaincfl which is fiuitc free from the 
rank o<lour of the commercial article. Kailel {I'ho.nn. Juurn. und Transadiont^, 1894, 
356) distils impure alcohol first over caustic soda—30 grms. for .5 litre.s—after allowing 
to stand for a few days. The di.stillatc i.s next treated with pennangftnate and distille«l 
oir again. If necessary, the latter operation is repeatcfl ami followed by filtration over 
charcoal. Dunlap {Journ. Avier. Ckem. Soc., 1906, 395), modifying L. W. Winkler’s 
proposal {DericMc, 1905, 3612) to remove ahlehydes by means of silver o.\i<le, prejiares 
aldehyde-free alcohol as follows; 1*5 grms. of silver nitrate flissolved in 3 c.c. of water 
are added to 1000 c.c. of 95 per cent alcohol in a glass-stoppcrcil cylinder and mixed 
thoroughly. Three grms. of potassium hydroxide (pure by nlcoliol) are dissolved in 10*15 
c.c. of warm alcohol, and, after cooling, are slowly poured into the alcoholic silver nitrate 
solution, taking care that the latter is not shaken. The ]>recipitate of finely divided 
silver oxide slowly distributes itself through the contents of the cylinder, and settles 
completely after standing for .some lime. The clear supernatant liquid is syjihoned off 
(or filtered off) ami distilled. No portion of the distillate nee«l be rejected. • 

It should be noted that in this country alcohol in which retailers are permitted to 
ileal is methylated at present (General Order a.s to Methylated Spirit, ,luly 20, 1891) 
by mixing “ordinary” niethylateil spirits [i.e. alcohol "denatured” with wooil- 
naphtha to the extent of one-ninth of its volume) with 0’37r> jMir cent of mineral naphtha 
(petroleum) of a specific gravity of not less than 0*800. lliis kimi of methylated .sjiirit 
i.s known as "mineraliscil methylateil spirits.” The admixed hydrocarbons are not 
removed by the foregoing proces.ses of purification, as they pa.ss over into the di.stillate 
with the alcohol. In estimations of “ un.saponifiable matter ” in fats this source of error 
must be specially guarded against. * Dingl. Polyl. Joum.y 246, 295. 
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Hehner, Dudaux, and otlicra; but I do not recommend it, aa the 
preaence of ether neceasitatea a lower temperature than would be 
required in some cases. Henriques ^ proposed a metliod of “ cold 
saponification ” which consists in dissolving the fat in potioleuin ether 
and mixing the solution with alcoholic soda ; on slanding for twelve 
hours, complete saponificatii)n takes place. In addition to the dis¬ 
advantage that an operation which can be easily fiuished in half an 
hour is unduly protracted, this method has the furtlier drawback 
that the solution of alkali must be prepared with strongest alcohol, 
as it is essential to obtain a homogeneous liquid on mixing tlie alcoholic 
soda with petroleum ether. If alcoholic soda be employed, some 
sparingly soluble soda soaps may separate, and, by o(;cluding 
unsaponified fat, prevent complete saponification. Although there is 
no reason why alcoholic potash should not be used in place of alcoliolii; 
soda to obviate the last-named difiiculty, the consideiable length of 
time required would still militate against the omphtynient of this 
method in place of the usual one. In the case of sulphurised (vulcanised) 
oils and fats, however, the cold saponification process may l>e used 
with advantage, as by boiling with alcoholic potash sulphur is eliminated 
from the fatty substance to a far greater extent than when working 
in the cold. It may also be employed usefully in those special cases 
where it is intended to study the progress of saponification by analytical 
or physico-chemical methods. 


With regard to the question as to whether the different triglycerides 
arc saponified with equal facility, no definite conclusion has been 
reached at present. It has been stated that olein is hydrolysed with 
greater difficulty than palmitin or stearin. This statement has even 
led to the patenting of a process ^ for obtaining olein from olive oil 
(which consists essentially of olein and palmitin) by shaKing the oil 
with caustic soda in the cold, when palmitin is said to be saponified, 
whereas olein is said to remain unchanged. Against this must he set 
the statement by Thum ^ that there is no marked differonec between 
oleic and commercial stearic acids in their behaviour with caustic 
alkalis. On adding to a mixture of oleic and commercial stearic acids 
an amount of caustic potash insufficient completely to neutralise the 
fatty acids, the composition of the acids that had been converted into 
soaps was found to bo almost the same as that of the acids that had 
remained free. Hence it is impossible to effect a separation of solid 
from liquid fatty acids by partial saturation with alkali. Conversely, 
Ilenriqties^ showed that on saponifying glycerides with amounts of 
caustic alkali, insufficient to neutralise all the fatty acids formed, no 
selective action of the alkali on the several glyceryl esters could be 
observed. However, inasmuch as saponification took place somewhat 
rapidly in these cases, the conclusions must be accepted with reserve. 


1 Journ. S(K. Ckem. InU., 1896, 299, 476. I’ho objections raised l>y lleuriques to 
tile usual method of sapoiiificatiou are groundless (cp. llolde, Journ. Soc. Ckem. Jna., 
1890, 476) 

^ (lemrnn patent 87,397. " ‘^07 

■* Journ, Soc, Clim. hul., 1898, 673, 853 ; Xnl.'i.J. angeiv. Chew., 1898. 338, 69/. 



106 


SAPONIFICATION OP FATS AND WAXES 


CHAP. 


The subject iias not yet been so completely investigated as it deserves, 
and it will only be possible to arrive at definite conclusions if hydrolysis 
is brought about very slowly. Henriqiies’ methods of cold saponification, 
or hydrolysis in alcoholic solution assisted by hydrochloric acid, or 
hydrolysis by means of ferments, oiTcr suitable methods for tliis purpose. 
The above-detailed ex])crimenta with steapsin would seem to show 
that cotton seed oil is much more easily hydrolysed than lard. Haller ^ 
is of opinion that the glycerides of the lower fatty acids are more 
readily hydrolysed than glyceride.s of higher fatty acids. The ready 
solubility of castor oil in alcohol satisfactorily explains the fact why by 
Haller’s method this oil is more easily hydrolysed than glycerides 
whicJi are insoluble in alcohol. 

The fact that fats containing notable amounts of volatile fatty 
acids (cocoa nut oil, palm nut oil) lend themselves more suitably to 
the manufacture of cold soap ” (cp. Vol. III. Chap. XV. “ Soap¬ 
making by the Cold Process ”) would also appear to speak in favour 
of the view that glycerides of lower fatty acids are more readily hydro¬ 
lysed than those of the liigher fatty acids, but it should be pointed 
out that in this case the caustic soda solution used must be of high 
strength. Kxperiinents in this direction with pure tiiglycoridos liave 
not yet been carried out; these seem to be all tlic more required, as 
IJrbain, Saigon, and Fekje,^ from their experiments with castor seed 
ferment, derived the conclusion that the sapouificaiion of the various 
glycerides appears to proceed at the same rate. 

Those fats which are not saponified readily are best heated with 
alcoholic potash under pressure. The author proposed for this 
purpose a copper bottle with a screw-stopper; this bottle may be 
immersed in water, a.s it is not liable to breakage (as scltzer-watcr 
bottles arc). 

Carhonates of the alkalis do not saponify oils and fats under the 
same conditions as do caustic alkalis ; ^ nor do silicates effect sapouili<ui- 
tion. All statements ^ made to the contrary must be accc[>tcd with 
the greatest reserve. 


Saponification of Waxes 

In the case of waxes we liave to deal with simple esters; hence 
hydrolysis (saj)onilication) in stages cannot take place. The liydro- 

1 i'liiiipt. iTiul., 1906 {T13), 660. 

2 IhilL .Soc. ChwK, 190-1 (31), 1194. 

* Ik'iinet iui'l (Jitb.s in ISOf) cl.ahiicil llie sapouificaiion with alkali earlionate, but the 
formation of soap can only have been a secondary process, as liydrolysis seeniejj to have 
been brought about by tho high temper.'iture and pressure to whicli the glycerides wore 
exposed (in pre.seiice of carbonate). Nor can M. Doyori and A. Morel’s .statement 
rend. Soc. Biolo/j., 1902 (54), 1.521) lliat sodium carbonate, cvmi in dilute solution, 
etlects saponification at body temperature, be accejited without reserve ; the iiionobutyriii 
with which they worked was mo.st likely hydrolysed by water. Cp. also French 
patent 376,122 (E. de (Irou.sst'au). 

■* Frencli patent 339,154 (0. Joiirdan); English patent 27,280, 1906 (W. N. Bacon). 
Cp. also Schourer-Kestiier, Comjd. reiuJ.., 1860 (51), 317. 
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lysis of waxes leads to the production of fatty acids and alcohols. 
Since the latter are insoluble in water (in contradistinction to glycerol), 
and therefore serve similar technical purposes as do the fatty acids 
themselves, waxes are not hydrolysed generally for the mere production 
of fatty acids and alcohols (cp. Vol. Ilf. Chap. XV. “ Technology 
of Waxes ”). Hence a discussion of the metlKKhs of hydrolysis 
would serve no useful purpose; it need therefore only be |)ointed 
out that hydrolysis by means of water at high temperatures and 
pressures (superheated steam) is employed on a large scale as an 
intermediate process only, the temperature being kept so high that 
further changes with the production of hydrocarbons take place (cp. 
Vol. III. Chap. XV. “ Montan Wax ” ; Vol. III. Chap. XVI. “ Wool 
Fat ”). Hydrolysis with the aid of the castor seed ferment seems 
to have been effected in the case of spermaceti up to a certain extent, 
but as this proce.ss has no practical importance, it need only be stated 
that in a semi-large scale experiment 32 per cent of spermaceti was 
hydrolysed (cp. German patent 140,413). 

By saponifying waxes with alkali the salts of fatty acids and higher 
alcohols are obtained. Thus, myricin is resolved into the palniitate 
of the alkali metal and myricyl alcohol, according to the following 
e(|uation:— 

(Vdl3>CO.O.C,i,H„-|-KOH-r„Hs,CO.OK-|-C3„ll,..Oil. 

On diluting the alcoholic solution of a saponified wax with water, 
the higher alcohols (being insoluble in water) separate out and rise 
to the surface of the liquid, or remain suspended in it, causing turbidity 
of the liquid. They are separated from f he soap by shaking with ether, 
or by evaporating the solution together with the insoluble matter to 
dryne.ss, and exhausting with petroleum ether (cp. Chap. IX. “ Un- 
saponifiable Matter ”). In practice the extracted substances, being 
insoluble in water and alkalis, are termed “ unsaponifiable.” 

On saponifying beeswax and carnaiiba wax it is necessary to employ 
strong alcoholic potash made with at least 96 per cent alcohol, and it 
is advisable to add to the alcoholic potash some absolute alcohol so 
as to ensure proper solution of the soaps formed. One hour’s boiling 
is then sufficient to saponify the above-named waxes. 

Wool wax must be boiled with an excess of half-normal alcoholic 
potash for at least twenty hours. It is, however, easily saponified 
by means of sodium in a solution of absolute alcohol (Kossd and 
Obermuller’s method). The reagent (which must be made afresh for 
each series of experiments) is prepared by dissolving 6 grms. of metallic 
sodium or preferably potassium in 100 c.c. of absolute alcohol. The 
author has shown ^ that equally satisfactory results are obtained by 
saponifying with double normal alcoholic potash under pressure.^ 

The difficulty which the saponification of some of the solid waxes 

^ Lewkowitsch, Jvurn. Site. Ohem, Ind,, 1892, 137. 

^ Ueuriquea’ statement that imiler these conditions the alkali acts on the alcohols 
contained in the wool fat with the jiroduction of jajhls is unfounded. Ilenriques’ objec¬ 
tions to the usual methods of sapouilication are likewise groundless (cp. llolde, Jouni, 
iloc. Ohem. Ind., 1896, 476). 
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presents is no doubt duo to the fact that the sodium soaps formed are 
less readily soluble than those obtained when saponifying fats. Thus 
in the case of wool wax,^ Ixwkowilsch has shown that the soaps arc very 
sparingly soluble in water-. Such soaps would naturally envelop 
unsaponified wax and thus protect it from contact with alkali. There¬ 
fore petroleum ether boiling above 120° C., suggested in Uemiqms’ 
method of cold saponiticatiou, ensuring, as it does, a readier contact of 
alkali with wa.x, accelerates the reaction, especially so when the solution 
is heated. The alcoholic potash should be prepared w-ith strongest 
alcohol. In the case of spermaceti, which yields easily soluble soaps, 
saponification is as readily effected as in the ca.se of oils and fats. 

In order to be able to work at a higher temperature than is pos.sible 
with ethyl alcohol, some operators employ amyl alcohol (jiropyl 
alcohol also has been proposed with the same object in view; cp. 
Vol. II. Chap. XIV. “ Beeswax ”). 

Suniwick states that in the case of psylla wax (see Vol. II. Chap. 
XIV.) hydrolysis is more readily ell'ec-ted by means of hydrobromic 
acid than by means of alcoholic potash. 

* Fiihrion states tliat wool grouse (tliu iiroportiou of free fatty acids is not st.alc<l) 
may Ite comjilflcly .sapouitied fin a water-bath in an open capsule by means of douldo 
normal alcoholic aodu. Tlie soap solution iiiiist btt stirred constantly, evaporated 
flown to dryness, and rrjioilfill}/ taken uji with strong alcohol to tlrive oil' the 
last traces of water, then again boiltd tlown to <lryness, ami kept for some time on 
the water-bath. ITiia is evidently not a very expeilitious pi-ocess /. 

C7im.. 1898, 268). 
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CONSTITUENTS OF FATS AND WAXES 

In this chapter only those acids and alcohols can be considered fully 
which are constituents of natural oils, fats, and waxes, or are derived 
from them hy technical pi'ocesses or, at least, stand in such near 
relationship to them that their description becomes necessary from a 
technological point of view. Those fatty adds and alcohols which 
have not been found in natural oils, fats, anil waxes, or have not been 
shown to be derived from those technical products which form the 
subject of the third volume of this worh, fall outside the scope of 
this chapter. Therefore isonierides of fatty acids which do not occur 
in nature will only be dealt with in the briefest fa.shion. 

In the laboratory, fats and waxes are resolved into their proximate 
constituents, viz. into fatty acids and glycerol on the one hand, and 
into fatty acids and alcohols on the other, by saponification with 
alcoholic potash solution, 

The method for preparing the fatty acids from oils and fats may 
be described here in full once for all: !j0 grins, are saponified (see 
p. 103) by boiling with 40 c.c. of a caustic potash solution of the specific 
gravity 1-4 and 40 c.c. of alcohol in a flask provided with a reflux 
tube, or (especially in the case of those fats the fatty acids of which 
are not likely to undergo rapid oxidation on exposure to the air) in 
a porcelain dish on a water-bath with constant stirring, until the 
soap becomes pasty. It is preferable to use the flask when solid fats 
(and readily oxidisable oils, .see below) are saponified, as in an open 
porcelain dish the soaps are apt to occlude neutral fat, which would 
thereby escape saponification ; besides, it is thus possible to recover 
the alcohol. The soap is then dissolved in 1000 c.c. of water, and the 
solution boiled in a porcelain dish to evaporate off the adhering alcohol; 
this can be effected readily by replacing the water as it boils away. 
Next the soap is decompo.sed by means of dilute sulphuric acid. When 
by continued boiling the fatty acids have been obtained as a clear oily 
layer, free from solid particles floating on the aqueous liquid, the latter 
is drawn off by means of a syphon, and the fatty acids are washed 
several times with hot distilled water until all mineral acid has been 
removed. Since fatty acids of low molecidar weight are soluble in 
hot water, and may redden litmus paper, methylorange should be used 
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(p. 124) to test for acidity. The dish containing the fatty acids is then 
placed on a water-bath, and warmed until the fatty acids are com¬ 
pletely liquefied. The water and impurities will settle out, and the 
warm acids are then poured through a dry plaited filter fitted in a hot- 
water funnel. The fatty acids thus obtained are sufficiently dry for 
examination. If the fatty acids solidify at the ordinary temperature, 
it is advisable to allow the fatty layer to solidify, then to perforate the 
cake by means of a glass rod, pour off the acid liquid, and wash with 
hot water as before (ep. also Chap. VIII. “ Solidifying Point,” “ Titer 
Test ”). 

In order to avoid oxidation of the fatty acids contained in vegetable 
drying and marine animal oils by exposure to the air, the saponification 
is best carried out in a flask. The removal of the alcohol and washing 
is carried out in the flask itself, preferably in an atmosphere of carbon 
dioxide or hydrogen. For this purpose the flask in which the saponifica¬ 
tion has been carried out is provided with a cork perforated with three 
holes, through one of which enters the indifferent gas (carbon dioxide 
or hydrogen); through the second the gas and vapours pass away, 
wliilst the third is fitted with a syphon which is put in operation when¬ 
ever wash water has to be drawn off. Thus it is possible to prevent 
the oxidation of the fatty acids. This is especially necessary in case 
the further examination of fatty acids tor iodine value or for the pro¬ 
portion of unsaturated fatty acids is required. The filtration may 
also be carried out in an atmosphere of an indifferent gas. 

It will be observed that in any case the bulk of the volatile soluble 
fatty acids are removed with the wash waters. Thus the method of 
preparing the tatty acids refers es.sentially to the preparation of the 
insoluble fatty acids. The soluble volatile fatty acids must be deter¬ 
mined separately, according to the methods explained in Chap. VIII. 

In order to test lor the presence of unsaponified fat, 3 c.c. are 
dissolved in 15 c.c. of 95 per cent (by volume) alcohol, and 15 c.c. of 
aipreous ammonia are added. If an appreciable amount of fat has 
escaped s.aponification, the mixture will become turbid (Geitel). It 
should, of course, be remembered that, if the sample contain con¬ 
siderable quantities of unsaponifiable matter, turbidity will set in on 
that account alone. 

The acid water and wash waters contain all the glycerol obtainable 
from the glycerides. 

It a wax be saponified in the same manner, it should be noted that 
the fatty layer, obtained as described above, contains both the fatty 
acids and the alcohols, and also such amounts of hydrocarbons as 
naturally occur in the wax, whereas the wash waters contain no glycerol.^ 
In order to obtain the free fatty acids themselves, recourse must bo 
had to special methods which will be described in Chapter VI. 

The mixed fatty acids, or in the case of waxes the mixed acids 
and alcohols, are then resolved into the individual constituents by 
scientific methods which will be detailed later on. 

* Cp., however, “Sperm Oil” and “Arctic Sperm Oil,” Vol. 11. Chap. XIV. 
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In the above described manner the acids and alcohols enumerated 
in the following lists have been isolated from fats and waxes. Those 
acids and alcohols which have been found hitherto exclusively in waxes 
are marked (W.), and those which occur in fats as well as in waxes 
are marked (F.W.); all other acids and alcohols have hitherto been 
found in oils and in fats only. 


A. Acids 


I. Acids of the series 

Acetic acid 
Butyric acid 

(' 5 Hxo 02 Valeric acid (?) 

CgHi^Oa Caproic acid 
Caprylic acid 
f'apric iK-id 
(\ 2 H 24 U 2 Laurio acid 
^ Ficoeorylic acid (?) (W.) 

MyriHtic acid (KW.) , 

('jgHgoOo I.socetio acid (?) ! 

Balinitic acid (i\W.) i 


Acids of tlic Acetic Series.^ 

(\ 7 H 34 O 2 Daturic acid 

Stearic acid (K,\V.) 

(.’odJImOu Arachidic acid 
C 22 H 44()2 Bohcnic acid 
^’ 21 ^^ 46^^2 Lignoeeric acid 
<'24114502 Carnaiiliic acid (?) (VV.) 
<-' 24 H 4502 Piwxiigcorylio acid (VV.) 
^'2 oH 6202 (’erotic acid (\V.) 

C 28 H 54 O .4 Montanic acid (\V.) 

(X^oH^qO^ Melissic acid (W.) 

Psyllo 3 tcarylic acid (?) (W.) 


II. Acids of the series CJI 2 h- 2 (^ 2 - Acids of the Acrylic or 
Oleic Series. 


C 5 H 8 O 2 TigUc acid 
tu 2 lU 2 ^h named 
{.!j 4 H 2 e 02 not named 

Hypogadc acid 

(‘icHgoUj Physetoleic aeid (P.W.) 
CjgHgoOg Palmitolcic acid 
Cj^HgoOj Lycopodic aeid- 
('15113402 Oleic acid 
ElauUc acid 
(’ 15 H 34 O 2 Isodlcie aeid 


CigHgiOj Rapic acid 

Petrosolinic acid 
('i„Il 3 iO.> Clieiranthic ar id 
('igHgiOg Liver oleic acid 
Lncglic acid (?) 

I tlecoltic acid 

OnfUdoic aciil 
! (' 221142(13 Krucic acid 
I ('221142(12 Brassidic acid 
j (' 221143(12 I^'ocfiicic acid 


III. Acids of the series 

(a) Open Chain Acids. 

(a) Acids of the LinoUc Scries. 

(^iglligOa Linolic acid (a 8 ll 3 a (^2 Eiicotnargaric (Elajo- 

CjgHgjOo .Millet oil acid stearic) acid 

CigHgjOg Telfjiirio acid 


iP) Acids of tlio Taiiric Series. 

CjsHgaOo Tariric acid ! 

(//) Cyclic Acids. Acids of the Chaiilmoogric Series. 

CijHggOa Hydnocarpic acid | (^i 8 ll 8203 Chaulmoogric acid 


^ Ilyteuic aci<l, de.‘icril)e<l in tlie earlier literature of oils and fats as having the 
formula C 25 II 50 O 2 , hn.s been omitted here; most probably it represented a mixture of 
sevenil acids. 

* Aldepalmitic acid, Cj„H 3 i) 0.3 (Waiiklyii, Journ. Soc. Clicm. /nd., 1891, 212), has not 
been admitted to the above list. 

* The existence of the acids raarketl Avith an * has been inferred from derivatives of 
such hypothetical acids. 
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IV. Acids of the series 0„H2„.,02. 

018^^30^3 Linolcnic acid I 

OjsHjoOj Isolinolenio acid | 


Acids of the Linolenic Scries. 
"‘CigHgoOa Jecoric acid 


V. Acids of the series Acids of the Clupanodonic 

Series. 


O 14 H 20 O 8 Isanic acid 
*Cj 7 H 2802 Thcrupic acid (?) 


OigHggOg Clupunodonic acid 
^'20^3202 Arachidonio acid 


VI. Acids of the series C,iH 2 „, 03 . 

Sabiiiic acidi 

Juiiipcric acid ‘ 1 

I''i 8 ll 32 t >3 Lanopalmio acid (W.) | 


Ilydroxylated Acids. 

^' 21 ^ 42 ^ not named 
CgjHgoOa Cocccric acid (W.) 


VII. Acids of the series , 

Ricinolcic acid 
t'jgUjjOg Isoricinolcic acid 
tVst^ 3 it )3 Hk'inclaidic acid 


.>(>3. Acid of the lliciiioleic Scries. 

^ 181 ^ 34^^1 Iticinic acid 

Quince oil acid 


VIII. Acids of tlie series C,iH 3 ,( 04 . Diliydroxylated Acids. 

IJiliyilroxystcaric acid | Lanoceric acid(VV.) 


IX. Acids of the scries Dibasic Acids. 


^’ju^gdOjIloptadocaniethylencdicar- 
boxylic acid 


k' 2 oi < >c( oilccanictliyIcncdicar- 
bnxylic acid 
^' 2 ili 4 o^h -khpanic acid 


B. Alcohols 


I. Alcohols of the series gO. 

(’ 23 TI 28 O Pisangccryl alcohol (W.) 
^•icll 34 t> Cctyi alcohol (Kthal) (W). 
t'lgllssO Oetodecyl alcohol (\\^) | 

Arachyl alcohol ^ 

C 2 oH 42 () Raphia alcohol (W.) j 

CgjHgpO Carnaubyl alcohol (?)(W.)1 


II. Alcohols ol tlie series 0,i H^nO. 

CjgllgiO Lanolin alcohol (W.) [ 


Alcohols of the Ethane Series. 

or C 2 r,lfG 2 (^ not named 
('2«Il64<^ t'eryl alcohol (F.W.) 
^ 2 TH 6 «t) IsocfTyl alcohol (W.) 
t' 3 otIe 2 ^^ Melissyl (Myricyl) alcohol 
(F.VV.) 

Rsyllostearyl alcohol (W.) 


Alcohols of the Allylic Series. 

CjgHjpO not named 


III. Alcohols of the series CjJIaji-eO. 

CitHjjO Ficoceryl alcohol (W.) 

* The exi.Htence of the acids marked with au * lias been inferred from «lerivatives of 
such hypothetical acids. 

* These hydroxylated acids are stated to occur iu the “ Etholides ” of the Voniferoi. 
Sec Chap. II. p. 68. 
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IV. Alcohols of the series CnH2H+202. Alcohols of the Glycolic 
Series. 

OjgllBaOj not named | CgolTojOa Cocccryl alcohol (W.) 

V. Alcoliols of the series 
Glycerol 


yi. Alcohols of the Cyclic Series. Sterols. 

(«) Zoosterols. 

(/J 7 H 490 ('holesterol (F.W.) j G.jUjr.O BomhiccJ^tcrol 

Lsocholestcrol (W.) I ('gjll^gO Clioiiasterol 

{h) Pliytosterols. 

Sitosterol (F.W.) i Sti^mastcnil 

Itrassieasternl ! GgjHjjO Coprosterol 


A. ACIDS 

OCCURRENCK OF FaTTY AcIDS 

k 

The fatty acids above enumerated are by no means cfjually dis¬ 
tributed in natural oils, fats, and waxes. Those fatty acids which 
contain an uneven number of carbon atoms {valeric, fieocerylic, 
isocetic (?), tiglic acid, ot(;.) are of comparatively rare occurrem-e, and 
are mostly confined to some single individual. Indeed, some of those 
enumerated will not, perha]).s, bear the light of modern investigation 
with its improved methods of re.search, and may have to share the fate 
of racdullic,^ moriiigic, theobromic,^ crotonoleic,^ and umbellulic ^ 
acids, which must be considered as definitely removed from the list 
of fatty acids. The fatty acids of the vast majority of oils and fats 
contain an even number of carbon atoms, and it would almost appear 
that acids having an uneven number of carbon atoms should on that 
aocomit alone be looked upon as most likely not belonging to this 
section. On the strength of this rule the author ventured the opinion 
that statements as to the occurrence of formic acid in oils and fats 
should be regarded with suspicion. Most of the acids having an uneven 
number of carbon atoms have been marked witli a (?) in the list. 

Recently, however, the identity of an acid occurring in datura oil 
and having the composition has been proved by //. Meyer 

and R. Reer, so that the occurrence of at least one higher acid with 
an uneven number of carbon atoms must be considered as established. 

In the brief enumeration of pure glycerides and pure waxes given in 
Chap. I, the most important fatty acids are given implicitly. Full 

^ Berichte, 23. Kef. 493. ^ 1103. 

■ Juurn. Boc. CVt«wi. hilt., 1895, 985. Ajmt. Ghem. J»urn.^ 1902, 327. 
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indications as to their occurrence, as also of the alcohols mentioned in 
the list, will be found on the following pages of this chapter. 

It would also appear that all saturated fatty acids have a normal 
structure; this induced the author to deviate from the statement 
found in text-books on “ Organic Chemistry,” that isovaleric and 
isobutylacctic acids occur in dolphin oil and butter fat respectively; 
the acids are described here as valeric and caproic acids. 

The existence of the higher fatty acids was practically unknown 
until Cheoreul commenced his researches, although, already in 1741, 
Clm(de Joseph Geoffrey {Geoffrey the younger) had observed that on 
decomposing soap with a mineral acid a fatty substance was obtained, 
which differed from all known oils and fats by its ready solubility in 
alcohol. Three years later Macquer found that the greater solubility 
in alcohol of rancid fats and oils as compared with fresh fats and oils 
is due to the presence of an acid substance. Fourcroy, as Scheele 
before him, had found that the fatty matter separated from lead ])la.ster 
by means of acid differs from the original fat by its greater solubility 
in alcohol and its greater power to combine with lead liydi’oxide. 


PnorERTiEs OF Fatty Acids 
Specific Gravity 

The specific gravities of the fatty acids at different temperatures 
will be found under the headings of the individual aifids.^ The following 
table, affording a rapid survey, indicates that the specific gravity 
decreases with the increase of the number of carbon atoms in the 
molecule, and that the specific gravities of the unsaturated acids 
are higher than those of saturated acids having the same number 
of carbon atoms :— 


Acid. 



Spiicific 

Uravity. 

Acetic 



. 10515 at 15® C. 

Butyric . 



. 0-9580 

„ 14 „ 

Valeric . 



. 0-9310 

„ 2U 

Caproic . 



. 0-0274 

„ 20 „ 

Caprylic . 



. 0-9100 

20 „ 

Capric 



. 0-8858 

„ 40 „ 

Laurie 



. 0-876 

43-6 „ 

Mvristic . 



. 0-8622 

„ 53-8 

Palmitic . 



. 0-8527 

„ 02 „ 

Stearic 



. 0-8454 

„ 69-2 „ 

Cerotic . 



. 0-8359 

„ 79 „ 

Oleic 



. 0-8540 

„ 78-4 „ 

Klaidic . 



. 0-8606 

„ 79-4 „ 

Pctroselinic 



. 0-8081 

„ 40 „ 

Erucic 



. 0-8602 

„ 55-4 „ 

Linolic 



. 0-9026 

„ 18 „ (water at 4® C.-1) 

Liiiolcnic 



. 0-9141 

18 „ ( ,. .. ) 


’ For speculative views on the Specific Gravities at the Melting Point in Uelation 
to Constitution cp. J. C. Earl, Vfuvi. New, 1910, 265, 
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Solidifying and Melting ^ Points 

The lower members of the acetic acid series, up to and including 
caprylic acid, and further oleic, rapic, doeglic (?), linolic, liuolenic, 
clupanodonic, and ricinoleic acids are licjuid at the ordinary tem¬ 
perature. The following table contains the solidifying and melting 
points of the acids arranged in a synoptical manner :— 


Acid. 

Solidifying Point. 

•c. 

Melting Point. 

“C. 

Acetic. 

+ 17'5 


Hutyric .... 

- 19 

-6-5 

Valeric .... 

-57 

-.51 

Cajiroio .... 

~S 


Caprylic .... 

12 

16’5 

Capric -. 


31-3 

Laurie. 


43-6 

Myristie .... 


.53-8 

Palmitic .... 

62-0 

62*62 

Daturic .... 

69'5-60 


Stearic..... 

69-3 

69*32 

Arachidic .... 

79-77 

77-0 

Behenic .... 


83-81 

Lignoceric .... 


80-5 

Carnaiibic .... 

69-67 

74 

Pisangcerylic 


72 

Cerotic. 


77-8 

MontaiHc .... 


83 

Mclissic .... 


91 ; 88*,5 

Psyllostoarylic 


94-95 

Tiglic. 


64*5 

Hypog^ic .... 


33*0 

(dai'dic) .... 


(39) 

Physetoleic .... 


30*0 

Oleic. 


6*6; 14- 

(Isodleic) .... 


(44-45) 

(Ela'idic) .... 


(44*5) 

Erucic. 


33-34 

Petroselinic .... 

27 

33-34 

Petroseliiiolaidic . 


(54) 

(Isoorucic) .... 


(54-56) 

(Brassidic) .... 


(65-66) 

Klffiomargaric (Rlieostca’io) . 


47-48 

Linolic. 

below “ 18 


Tariric. 


60*5 

Hydiiocarpic 


59-60 

Chaiilmoogric 


68 

Isauic. 


41 

Lanopalmic .... 


87-88 

Cocceric .... 


92-93 

Ricinoleic .... 

6-10 

4-6 

Ririnelaidic .... 


52-53 

Ricinic. 


81 

Dihydi’oxy.steavie . 


141-143 

lianoceric .... 

103-101 

104-10.5 

Japanic . , . 


117*7 


^ Op. Lc Clmtelicr and (Milo) Oftvaignac, CmnpL retuL, 1913 (1S8), 589, ami above, 
p. 22. ^ Op. p. 179, “Oleic Aci(L” 
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The solidifying points of mixed fatty acids are of great importance 
in the examination of oils, fats, and wax; tlie solidifying points 
being more characteristic than the melting points. It is not possible 
to infer by calculation the solidifying point of a mixture of pure fatty 
acids from the solidifying points of the individual fatty acids. This 
is clearly brought out by the numbers given in the following table, as 
also by the author’s ^ observation that a mixture of two parts of pure 
stearic acid melting at C9’3“ C. and one part of “ oleic acid ” melting 
at 11'^ C., melted at 62*5“ to 63*5^’ C., whereas calculation would lead 
to a melting point of only 50-9'^ C. 

Mixtures of pure fatty acids are apt to form “ eutectic ” com¬ 
pounds, behaving, as regards melting and solidifying points, like pure 
chemical substances. Thus, a mixture of 47-5 per cent of stearic and 
52-5 per cent of palmitic acids behaves like a clicmh^al individual and 
cannot be resolved into its comj)oneuts by crystallisation from alcohol. 
Further instances of such eutectic compounds will be given in the 
following pages. It may, how(!ver, be pointed out here tiiat several 
acids wliich were looked upon as individuals were found to be eutectic 
compounds. This holds good especially of those acids to wliicli an 
uneven number of carbon atoms in their molcenio has been ascribed. 

Tlie mcltiug point of a mixture of two fatty acids cannot he calcu¬ 
lated from the melting points of the constituents. As a rule, the 
melting point lies considerably below the calculated one, sometimes 
even below the melting point of the lowest melting acid. The following 
tables will illustrate the above-mentioned facts :—• 


Solidifying Points of Mixtures of Palmitic and Stearic Acids 
{de Visser) 


Fatniitic 

Acid. 

Fur cent. 

1 Stearic- 
i Ai-id. 

1 Per cent. 

Solidifying 

Point. 

•0. 

I’.'itinitic 

Ac'iil. 

Per cent. 

stearic 

Aci<l. 

Per cent. 

Solidifyitit; 

m;. 

100 

0 

62-618 

56 

44 

56-36 

90 

10 

59-31 

55 

45 

.56-38 

85 

15 

57-80 

54 

46 

.56-39 

80 

20 

56-53 

53 

47 

56-40 

75 

25 

.55-46 

52 

48 

.56-40 

71 

29 

54-92 

51 

49 

56-41 

70 

30 

54-85 

50 

50 

.56-12 

68 

32 

,55-12 

1 49 

51 

56-44 

66 

34 

55-38 

48 

52 

56-,50 

64 

36 

55-62 

! 

53 

.56-63 

63 

37 

5 . 5-75 

, 46 

54 

56-85 

62 

38 

.55-88 

46 

55 

57*20 

61 

39 

56-00 

40 

60 

58-76 

80 

40 

56-11 

30 1 

70 

61 -73 

59 

41 

56-19 

20 ; 

80 

64-51 

58 

42 

56-25 

10 ' 

90 

67-02 

57 

43 

56'31 

0 j 

100 

09-32 

— 

. _ 


- - _' 


— 


^ Jahrbuch der Chemie, 1899, ix. 353. 

^ Tlic palmitic aci<l wjis oblaiiieil from vegetable tallow of Cliiiia, ami had l>een 
recryKtallised thirty times; the stearic acUl was prej^ired from ilorneo talloM’, and had 
been vecrystalUse<i fifty-one tinies. Cp. JkriclUe, 1905, 4949. 
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Solidifying Points of Mixtures of Stearic and Oleic Acids {Fokin ') 


Oleic Acifl. 

Hti’aric Acid. 

ynlidifyiiifC Point, i 

Olftie Acid. 

stearic Acid. 

Solidilyin;,' Point. 

}Vr ei'iit. 

Ter cent. 

"C. 

Pi;r cent. 

Per cent. 

'C. 

90 

10 

29-5 

40 

(50 

69-8 

80 

20 

40-2 j 

30 

70 

G2-3 

70 

30 

47-7 1 

20 

80 

C4G 

GO 

40 

52-9 ! 

10 

00 

6G-3 

GO 

50 

5G-8 1 


100 

G80 


Melting Points of Mixtures of Laurie Acid with Myristic, or Pahniiic, 
or Stearic Acid (Ileintz) 



With Myristic Acid. 

With Palmitic Aci.h 

With Ste.'iric Acid. 

Ijaufic Acid. 







Pur cunt. 

Per eeiit. 

Me!Lin^; Point. 

Per cent. 

Moltini^ Point. 

Per cent. 

Mcltini? Point. 



“<J. 


*C. 


*U. 

100 

0 

43-6 

0 

43*6 

0 

4.3 *6 

00 

10 

41-3 

10 


10 

41 *.5 

80 

20 

38'6 

20 

37*1 

20 

38*5 

70 

30* 

3.5*1 

30 

38*3 

30 

43 1 

CO 

40 

3C*7 

40 

40*1 

40 

50-8 

50 

50 

37*4 

50 

47-0 

50 

55-8 

40 

60 

43-0 

60 

51*2 

60 

.59*0 

.80 

70 

46*7 

70 

51*5 

70 

62*0 

20 

80 

49*6 

80 

57*4 

80 

Cl -7 

10 

90 

51*8 

90 

59-8 

90 

67*0 

0 

100 

53*8 

100 

62-0 

100 

69 *2 


Melting Points of Mixtures of Myristic Acid with Palmitic 
or Stearic Acid [Heintz) 


Myristic .\cld. 
l‘or cent. 

Palmitic .Vcid. 

Steaj'ic Aci'l. 

Per cent. 

Melting Point. 

Per cent. 

Melting Point. 



“C. 


• C. 

100 

0 

53*8 

0 

53*8 

90 

10 

51*8 

10 

51*7 

80 

20 

49-5 

20 

47*8 

70 

30 

4i*'2 

30 

48-2 

60 

40 

470 

40 

50-4 

60 

60 

47*8 

50 

64-6 

40 

60 

51*5 

60 

59*8 

80 

70 

54*9 

70 

62*8 

20 

80 

6S*0 

80 

65*0 

10 

90 

60*1 

90 

67*1 

0 

— - 1 

100 

62*0 

100 

69*2 


Joum. Russ. Phi/s. (Jhesn. Soc., 1012 (44), 155. 
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Melting Points of Mixtures of Datmic and Palmitic Acids 
(Meyer and Beer^) 


Uatnn'c Acid. 

I’ulmitic Acid. 

Melting Pnint. 

Ter cent. 

For cent. 

”C. 

100 

0 

50-5 

90-C 

9-4 

r>(>-6-.57 

8:1-3 

16-7 

55 -50 

73-5 

2C-5 

54-5.55-5 

08-5 

31-5 

54-5-50 

f)2-4 

37-{) 

54-5.50 

65-5 

44-5 

55-5.57-5 

50-0 

50-0 

60 -58-5 

41-7 

58-3 

68 .50-5 

31-2 

68-8 

58-5-00 

20-8 

79-2 

59-5.00-5 

11-1 

88-9 

60 -61-5 

0 

100 

02 


Melting Points of Mixtures of Palmitic and Stearic Acids (llcintz-) 


Falniitic Acid. 

Stearic Acid. 

MelUllK Pnint. 

For cent. 

Per cent. 

°c. 

100 

0 

02-0 

90 

10 

00-1 

80 

20 

57-5 

70 

:«) 

.55-1 

07-5 

32-5 

55-2 

1 00 

40 

.50-3 

! .50 

50 

50-0 

40 

00 

00-3 

:m) 

70 

02-9 i 

20 

80 

05-3 

10 

00 

07-2 ! 

0 

100 

69-2 


Tables giving tlie melting points of mixtures of not completely 
purified stearic and palmitic acids, and mixtures thereof with oleic 
acid, will be found in Vol. III. Chap. XV. “ Candle Industry.” 

Melting Points of Mixtures of Palmitic and Cerotic Acids (Ijewkowitsch^) 


Palmitic Acid. 

Per cent. 

Ccrotic Acid. 
Per.ceiit. 

Molting Point. 

• C. 

100 

0 

60-0 

90 

10 

56-0 

85 

16 

66-5 

76 

25 

60-6 

CO 

40 

65-5 

50 

60 

68-6 

40 

60 

70-0 

0 

100 

78-6 


* Mitt. k-.k. Akiid. Wissens., 1912 ( 121 ), 1 . 

Liebuja Annul. 92, 295. * Uiijmblished observations. 
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Melting Points of Mixtures of Steario and Cerolic Acids {Lewhowitsch 


Stearic AcJfl. 

Per cent. 

Cerotic Acid. 

Per cent. 

Molting Point. 

*C. 

100 

0 

68’2 

95 

5 

66-7 

90 

10 

65-6 

85 

15 

63-3 

0 

100 

78'5 


Bolling Points 


Only the following among the more frequently occurring fatty 
,cida can be distilled under ordinary pressure without undergoing 
leconiposition:—■ 


Ariil. 


Boiling Point. 
"C. 


Butyric 

(’aproic 

Cajirylic 

Cajirio 


162-3 

202-203 

230-237 

268-270 


Owing to £heir comparatively high vapour tension these acids are 
readily volatilised with water vapours (cp. also Chap. VIII. “ Volatile 
Acids ”) on boiling their aqueous solutions ; hence they are also termed 
volotik fatty acids, in contradistinction to the higher fatty acids 
(palmitic, stearic, oleic, etc.) the vapour tension of which is so low that 
they arc practically not volatilised in a current of steam at 100° C.; ^ 
they are therefore termed non-volatile acids. Laurie and, to a lesser 
extent, myristic acids occupy an intermediate position between the 
two groups. The non-volatile acids, when subjected to dry distillation 
at ordinary pressure, undergo partial decomposition; amongst the 
products of the destructive distillation are found hydrocarbons of the 
ethane series. Under diminished pressure, however, and with the aid 
of superheated steam, even these fatty acids can be distilled without 
suffering decomposition (Chevreul). In practice, the distillation with 
superheated steam under ordinary pressure is largely used in the 
manufacture of higher fatty acids. More recently the two methods 
have been combined, and the higher fatty acids are distilled on a large 
scale in a current of superheated Steam in vacuo (see Vol. III. Chap. 
XV.). The action of steam is not only a mechanical or purely physical 
one, as distillation in a current of hydrogen does not preclude the 
formation of secondary products. Experiments dealing with carbonic 
acid as a vehicle in the distillation process have not been published. 

The following isolated observations will illustrate the statements 
made ^bove. If lauric acid (boiling at about 295° C.) or myristic 
acid (boiling at about 318° C.) are distilled with water or steam under 
ordinary atmospheric pressure, the distillate contains at most 0’2 per 


* Unpublished observations. 


» Cp. Chap. VIII. 
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cent of tliese fatty acids. If, however, tlie steam be superheated so 
that the temperature of the myristic acid be kept up at C., then 
the distillate contains at 760 mm. pressure 7*7 per cent myristic acid, 
and at 38 mm. pressure the distillate will contain 65-7 per cent (C. von 
Ucchenherg). Further data will be given under the heading of the 
individual acids described below. 

The following boiling points have been found at the reduced pressures 
•stated, and in vacuo :—• 


Aci'l. 

Uoilin^.' Point 
at lixj iiiiti. 

Boiling' Point 
at ir. mni. 
Pressnro. 

Boiling Point in ('(u-ito. 

Temp, of 
bath. 


I'rt’ssure. 

(Kraffl .'uid 
Wi'ilanrU.i) 

(Kratlt and 
Weilan.lt.l) 

(Caldwell .and 
lliirtley.") 


' C. 

-c. 

“C. 

"C. 

"C. 

Laurie . 

225 

176 

102 

89 

100 

.Mvri'^tic 

250-5 

106-5 

121-122 

98 

130 

Palmitic 

271-5 

215 

138-1311 

114 

140 

Daturic 

227 


143-6 ■ 



.Stearic . 

291 

232-5 

154-5-155-5 

128 

160 

Hypogicic •' . 


236 

•• 



Olcie . . 

285-5-28(> 

232-5 

153 

130 

i(;o 

l-'laiilic . 

287-8.288 

234 

154 



Erucie . 


264 

179 



Brassidic 


2(55 

160 



Linolic . 

229-230 ^ 





Clmulinoo^rio 


2-17-248 •' 




Ricinoleie 


250 




Bicinie . 


250-252 



.. 

Eljeostearic . 


235 '■ 



.. 

Linoleiiic! 



1.57-158 




The lowe.si l<‘mperatures at whii-li volatilisati<ui of lauric, myristic, 
palmitic, and stearic acids in a complete vacuum could be ascertained 
were 22^ 27 ’, 32°, and 38° 0. respectively.^ The details of the experi¬ 
ments are given in the following table :— 


1 

.\<-i'l. 

Tomppiu- 

Duration of 

Weight of 

Loss of 

tnni. 

Kxpi-i'iinnit. 

Siil.sUncn. 

Wright. 

i 


Horns. 

(inns. 


i Laurie 

1 22 

6 

0-8215 

0-0005 

• ! 36 

4 

OKI 10 

0-0095 

Myristic 

I. 27 

• 1 -28 

0 

10 

0-4263 

0-4269 

0-0003 

0-0006 

Palmitic 

/ 32 

12 

0-48402 

0-00012 

• 1 38 

12 

0 8359 

0-0012 

Stearic 

1 38 

12 

0-62663 

0-00012 

• ' 39 

10 

0-6982 

0-0013 


' Ikrichte, 1896, 1.824. Jtiurii. Chem. Soc., 1909, 855. 

liodoisteiii, Berir.hle., 1894, 3399. 

* Under 16 inrii. pre-ssure ; and 228* C. under 14 niin. pressure. 

^ UiidiT a pressure of 20 riirn. 

K. Majinia, Jierichtc, 1909, 675. 

’ Boiner and Linii>riel), Ztila.f. UnUrs. d. Nahrgs- v. Omvssm., 1912 (23), C48. 

* Citz. J. Hansen, Berickte, 1909, 210. 
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Solubility 

Tlie lowest membera of the acetic series are miscible with water 
in every jiroportion.' Caproic acid is no longer miscible with water; 
100 c.c. of water dissolve 0-882 grm. at 15° C. Caprylic acid requires 
for its solution 400 parts of boiling water ; on cooling, the acid separates 
out almost completely. At 15° C., 100 c.c. of water dissolve 0-07!) grni. 
of caprylic acid. 

The solubility in water decreases rapidly with the increase of the 
number of carbon atoms in the molecule. Capric acid is practically 
in.soluble in cold water, somewhat more soluble in hot water. Laurie 
acid is very slightly solulilc in boiling water. The higher acids are 
practically insoluble in water. 

Talcing the soliiliility in water as a basis for classification, we may, 
for analytical purposes, subdivide tlie fatty acids into soluble and 
insoluble fatty acids. The acids u]i to caprylic acid are termed soluble 
fatty acids ; the higher fatty acids from myristic acid upwards are the 
insoluble fatty acids. Capric and lauric acids occupy, also as regards 
•solubility, an intermediate position (c.p. Chap. VIII.). 

All fatty acids, without exception, arc soluble in hot absolute or 
high strength alcohol; the higliei- fatty acids, from palmitic upwards, 
arc sparingly soluble in cold alcohol. The highest acids are almo.st 
insoluble in cold alcohol. By repeatedly boiling an alcoholic, solution 
of higher fatty acids or lioiling down their alcoholic .solutions, slight 
esterification takes place, which may in some eases cause a]iprecinble 
errors.2 

In rlilute alcohol (below (10 per cent) the higher acids are practically 
insoluble, cp. Chap. VIII. 

The fatty acids arc readily soluble in ether, carbon bisulphide, 
chloroform, and carbon tetrachloride. With the exception of the 
hydroxylated fatty acids (see Chap. VIII.) the liquid ami un.saturated 
fatty acids dissolve easily in petroleum ether. The solid fatty acids 
also dissolve readily on warming. 

Further data will be found in Cha]). V. under “ Solubility." 


Refractive Index 

The magnitude of the i-efractive index increases with the increase 
of the number of carbon atoms in the molecule. The un.saturated 
fatty acids show a higher refraction than the saturated acids containing 
the same number of carbon atoms. This is shown by the following 
table ; further details will be found under the heading of each individual 
acid. 

’ With reg.inl to “,.„tectic” mixtures of formic, acetic, ami prorioiiic aciils with 
w.ater i^p, A. Kaucoii Couipt. rend., 1909 (HS), : R. Hallo, Cliejn. rientnilb., 1910, 

Emerson ami Diiim-is, Jount, Atmr. Ckem, Soc., 1909, 949. 
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Acid. 
Butyric . 
Oaproio . 
Caprylic. 
Capric . 
Laurie . 
Myristic. 
Palmitic. 
Margaric 
Stearic . 
Oleic 

Petroscliiiie 


KefVactivo Index. 

. 1-39906 at 20° C. 
. 1-41635 „ 20 „ 


1-42825 , 

, 20 

1-42855 , 

, 40 „ 

1-42605 , 

, 00 „ 

1-43075 , 

, 60 „ 

1-42693 , 

, 80 

1*4342 , 

<■'0 „ 

1-43003 , 

, 80 „ 

1-44710 , 

, 60 „ 

1-4533 , 

40 „ 


Optical Rotation 

Hitherto the specific rotations of tlie following three pure fatty 
acids have been determined (cp. also Chap. V. “ Rotatory Power of 
tlie Plane of Polarisation ”). 

Afid. Siiccillc Rotatini). 

Ricinoleic .... . . -f- 0-25 

llydnocarpic ...... -f-OS-l® 

Chaulmoogric . . . -f-5G 

For the resolution of racuinic- diliydroxystearic acid into two optically 
active isomcrides see p. 228. For optically active acids in “ Rump 
Gland Wax ” see Vol II. Chap. XIV. 

Viscosity 

Since viscosimctric methods have been proposed for the examination 
of oils and fats, it will be found useful to have a record of the following 
viscosimctric constants. From the values given in the tabic, it is 
evident that the vi.scosity increases with tlie molecular weight.^ 


Viscosimetric Constants of Fatty Acids {Pribram and Handl) 


Fatty Acid. 

Molecular Weight. 

Specific Viscosity at 

10* C. 

80* C. 

60*0. 

Propionic. 

74 

70-3 

51*5 

49-9 

Butyric , 

88 

110*2 

77-4 

57*6 

Valeric 

102 

152-4 

103-3 

71*5 

Caproic . 

116 

222-2 

139-7 

97-8 


With regard to the following physical constants: specific heat, 
heat of neutralisation, latent heat of fusion and of solidification, and 
surface tension, GuilloCs ^ pamphlet and the paper given in the footnote ® 
should be consulted. As to heats of combustion of fatty acids cp. 
Chap. V, 

^ €p. also Tsfikaloto.s, Omjit. rend,, 1908 (146), 1146. 

ProiyriUh Physufiics de la Hierie (I'rasse. Pari.s. BalUt’ve et Ills, 1895. for the 
constants of allinity Bee Tdllniaim ami Schlieinaim, Liebiffs Anvxd. 274, 144 ; cp. al.-'o 
I). B. Tsakftlotos, (Joinid. rend., 1908 (146), 1146. 

* <i. Mas-sol ami A. Faucon, (Jovijit. revd,, 1909 (149) 853 ; 1911 (153), 268. 
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Salts of Fatty Acids 

Fatty acids combine readily with solutions of caustic soda and of 
caustic potash to form “ soaps.” In dilute aqueous solution the 
chemical union does not take place in molecular proportions, so that 
free fatty acids and free alkali can co-exist to a certain extent ^ee 
below, “ Hydrolysis of Soaps ”). In alcoholic solutions, however, 
combination takes place in stoichiometric proportions. The carbonates 
of the alkali metals react with fatty acids in aqueous solution at some¬ 
what elevated temperatures, forming salts of fatty acids with evolution 
of carbonic acid.^ 

In common parlance, we generally understand under the term 
“ soaps ” the alkali salts of the non-volatile fatty acids, whereas the 
term “ metallic salts of the fatty acids,” denotes the .salts of the heavy 
metals. I shall consider the salts of the fatty acids under the following 
two large groups:—(1) Salts of the alkali metals, including ammonia 
soaps : (2) Salts of the alkaline earths, and of the heavy metals (cp. 
Vol. HI. Chap. XV. “ Soap Manufacture ”). 


(1) trails of the Alkali Metals, including Ammonia Soaps — 
Water-Soluble Soaps 

The normal salts of the saturated acids have the general formula 
CijHgn+jCO.OM, where M stands tor Na, or K, or NII 4 . They are 
obtained by the direct union of fatty acids with sodium or potassium 
hydrate, with elimination of water. They are also formed by heating 
an aqueous solution of sodium or potassium carbonate with fatty 
acids, when carbon dioxide is evolved.^ (From a physiological point 
of view it is interesting to note that whilst palmitic, stearic, and oleic 
acids at a temperature of 37° C. (blood temperature) act but very 
slowly on a dilute solution of sodium carbonate, they form the respective 
sodium salts much more readily in the presence of bile secretions.) 
The salts may also be prepared by adding boiling solutions of the 
carbonate to alcoholic solutions of fatty acids, evaporating to dryness 
and exhausting the residue with alcohol. The salts deposit from the 
alcohol on cooling. If pure materials arc employed, the salts can thus 
be obtained in their crystalline state. In alcoholic solution these salts 
are neutral to phenolphthalein. Besides the neutral salts there exist 
also acid salts of the formula C„H 2 „+jCO.OM, CnlljnOj ; these show in 
hot alcoholic solutions an acid reaction to phenolphthalein. 

Since in commercial analysis the fatty acids arc frequently estimated' 
by titration with solutions of alkalis, it is important to consider in 
some detail the behaviour of fatty acids towards the indicators used in 
volumetric analysis. From the large number of indicators which have 
been proposed from time to time, I select for use in the analysis of fats, 

* Cp. litiwkowitscl), Jahrbnch tier Ohemk, 1899, ix, 357 ; FeiiUler ainl Kuliii, ZcUs. 
/• angew. Ohm., 1909, 107. 

^ The sodium salts are also obtained by allowing fatty adds to net on aoilinm per- 
caibonato or porborato (WollTenstein, English patent 10,823, 1908 ; P. Beirsdorf & Co., 
French patent 392,966). 
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methylorange and phenolplithalein, which will be found quite sufficient 
for all purposes. Tincture of litmus (the place of which has lately 
been taken by lacmoid) still enjoys some popularity, and may be used 
in conjunction with the above-named two indicators.' 

Melliylora-nge ^ dissolves in water yielding a yellow liquid, which 
turns crimson on the addition of a strong acid (appearing yellowish-red 
in deep layers) owing to the formation of a .salt. The change from the 
yellow of the neutral to the red of the acid solution is especially sharp 
in very dilute solutions. Weak acids, such as carbonic acid, do not 
change the colour ; therefore, it is possible to use methylorange as an 
indicator when titrating carbonates, without it being required to drive 
off tlie dissolved carbon dioxide by boiling. The acid carbonates of 
the alkalis are alkaline to methylorange (difference from phenol- 
phthalcin). This indicator is specially suitable for the estimation of 
mineral acid.s, and offers the further advantage that it can, and indeed 
must, be used in the cold. Boric acid, however, is not affected by 
methylorange; even concentrated aqueous solutions of the acid are 
not reddened. 

The .soluble fatty acids also redden a .solution of methylorange, 
but on titrating with normal alkali, the end-reaction is not sharp, and 
the red colour disappears whilst considerable <|uantitie3 of free fatty 
acid.s are still in the solution ; therefore methylorange cannot be used 
tor titrating soluble fatty acids, not even acetic acid.® Insoluble fatty 
acids, such as stearic or oleic, do not affect this indicator at all in their 
alcoholic .solutions, nor do they act on it when shaken in the liquid 
state with an aqneous solution of methylorange. 

It is, therefore, feasible, when using methylorange as an indicator, 
to titrate mineral acids in presence of the higher fatty acids (cp. Vol. 
III. Chaj). XV. “ Analysis of Soap ”). Methylorange offers the further 
advantage, that it can be employed in conjunction with phenolplithalein. 
Thus, in a solution of mineral and higher fatty acids, the mineral acid 
may be e.stimated first by using methylorange as an indicator; then 
alter adding phenolphthalein, the higher fatty acids may be titrated. 

A convenient solution of the indicator is prepared by dissolving 
1 grm. in KXX) c.c. of water. Four drops of this solution are suffi¬ 
cient for every 100 c.c. of the liquid to be titrated. 

Phenolplithalein .—This indicator is obtained commercially in sufficient 
purity. To prepare the solution required for volumetric analysis, 
1 grm. is dissolved in 100 c.c. of 95 per cent alcohol. (It is worth 
noting that phenolphthalein is insoluble in petroleum ether.) Two 
drops of this indicator will be found sufficient for every 100 c.c. of 
a solution. The alcoholic solution of phenolphthalein is yellowish. 

^ Willi regal'd to alkali-lilue cp. Oliap. VI. “ Saponilicatioii Value.” 

According to Lumje, tropicoliii 00 or 000 is oftcu sold as methylorange. 1 have 
occasionally met with methylorange having such strong alkaline reaction, that four drops 
of n ,*.) per cent solution required O'l c.*:. of noriiinl acid for neutralisation. Methyl¬ 
orange should, tlierefore, always he examined before use. 

^ Bchidrowitz {Analyst, 1903, 234) showeil that acetic acid cun he titrated with 
nictliylorangc as an indicator, if alcohol bo added to the solution. Cp., however, 
Ricbanlson aud Bowen, Jirurn. tSoc. Chem. Ind., 1906, 336, and Bchidrowitz 
1907, 4). 
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On adding it to an acid solution no colouration is produced, but a 
pink colom appears in the presence of the smallest quantity of a'fixed 
alkali, owing to the formation of a salt.* This salt is decomposed 
completely even by weak acids; hence the insoluble fatty acids can 
be titrated in their alcoholic solutions in pre.sence of this indicator. 
Ammonia does not give a sensitive colom reaction with phenol- 
phthalein, and hence is unsuitable for the titration of tatty acids. 
Phenolphthalein may also be used for the titration of the soluble fatty 
acids in the same way as is litmus. Due regard should be paid to tlie 
sensitiveness of phenolphthalein to carbon dioxide, and to the fact 
that the acid carbonates of the alkalis do not act on phenolphthalein 
like the carbonates; ^ it is therefore absolutely necessary to remove 
any carbon dioxide by boiling. When standardising acids and alkalis 
with the aid of phenolphthalein, this possible source of error should 
especially be guarded against. 

Litmus .—Tincture of litmus may be used in the analysis of fats 
for the titration of the volatile fatty acids, mineral acids, caii.stic alkalis, 
carbonates, etc. The statement made by Rechenherg,^ that the salts 
formed by the union of volatile fatty acids with alkalis and alkaline 
earths—especially those of butyric acid—show in their aqueous solution 
strongly alkaline reaction, has not been confirmed in the author’s 
experience. It is quite possible to titrate butyric acid, using litmus 
as an indicator. The change is somewhat gradual, but perfectly 
distinct. 

An aqueous solution of caproic acid strongly reddens litmus; a 
cold solution of caprylic acid reddens it faintly, whilst a hot solution 
gives a deeper red. A hot solution of capric acid no longer acts on 
litmus (Lewkomtsch). 

It may be noted that the indicators do not actually give the end 
point, but only the equilibrium point of the reaction ; but for practical 
purposes these two points lie near enough each other to enable us to 
disregard the very slight excess of acid or alkali (as the case may be) 
used. 

The alkali salts of the fatty acids are remarkable in their behaviour 
to water. 

The salts of the lowest members of the series are easily soluble 
in water. Thus the alkali salts of butyric acid are deliquescent; 
those of capric acid are still very easily soluble in water at the ordinary 
temperature. The solubility in water decreases, however, as the 
molecular weight of the fatty acids increases; thus the alkali salts of 
palmitic and stearic acids are no longer soluble in cold water. They 
dissolve, however, if boiled with not too large a quantity of w'ater, 
to clear solutions, which solidify, on cooling, to mucilaginous masses 
practically representing the normal salts of the fatty acids. 

^ It may be noted that concentrated aqiieoue eoliitione of alkali give colourless salts 
of phenolplitbaleiu ; on diluting with water, however, the pink colouration appears. 

* The frequently rejieated statement, th.at sodiuni bicarbonate does not redden 
phenolphthalein in aqueous solution, ts not quite correct. 

Joam.f, prakt. ChemiSt 1884, 619. 
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On diluting the clear hot solutions with water they become turbid, 
and, on shaking, a lather is produced which persists for some time. 
The turbidity is due to the dissociation of the normal salt into caustic 
alkali and free fatty acid. This dissociation, termed hydrolyftis ofnoap, 
is a very gradual one, and depends on the amount of water present 
and also on the temperature. 

The free alkali remains in solution, and the free fatty acid com¬ 
bining with non-hydrolysed salt separates as an acid salt,— i.e. a salt 
containing more than one equivalent of acid for one equivalent of 
alkali—presumably in association with some imdissociated salt. 

Chevreul, who fii’st studied this property of alkali-mctal soaps, 
found that a solution of one part of neutral potassium stearate, 
CigHj^ 02 .K, in 20 parts of boiling water, yields, after the addition 
of 1000 parts of boiling water, on cooling, an acid salt of the com¬ 
position C,,H3,0,K polassiwii bislearate —wliilst free alkali 

and an infinitesimal quantity of stearic acid remain in solution. Simi¬ 
larly, neutral sodium stearate dissolved in 2000 to 300C) parts of boiling 
water yields, on cooling, an acid salt of the composition 
CigH 3 g() 2 —sodium histearate. Neutral oieate, however, requires a 
very large quantity of water and a low temperatui'e in order to become 
dissociated; the difference between oleic acid on the one hand, and 
palmitic and stearic acids on the otiicr hand, is so marked that an 
approximate method of separation may be based on this property. 

The potassium bistearate described above can be dissociated by 
further treatment with water into a more acid salt, presumably of the 
composition of a quadro-stcaratc. 

The amount of alkali thus set free under given conditions can be 
determined quantitatively by throwing up the soap by common salt 
(salting out the “ curd”), filtering off, washing with brine, dissolving 
the curd in absolute alcohol, and determining the acidity by titration 
with alkali, using pheuolphthalein as an indicator. 

Alder Wright and Thompson ^ derived from a .series of observations 
the results contained in the following table. I liavo arranged the 
fatty acids in the order of their molecnilar weights : - 


Fatty Adda. 

Meao 

Molecular 

Weight. 

Hydrolyala brought about by x Molecules of Water. 

*==150 

a; = ‘2Ji0 

x~500 

Z=:10()0 

1=2000 

Crude 1 auric 

195 

3-76 

4-5 

5-4 

6-45 

7*1 

(Cotton seed oil acids . 

2.50^ 

2-26 


6-0 

7-5 

9-6) 

Nearly puv<; lalmitic . 

256 

1-45 

1*9 

2-6 

3-15 

375 

(Palm-oil-tallow acids 

271 

1*1 

1’55 

2-6 

47 

f.-3) 

Pure oleic . 

282 

1-85 

2-61 

3'8 

5-2 

6-(i5 

Pure stearic 

281 

0-7 

1*0 

17 

2-6 

3-55 


The numbers represent the quantities of NagO set free by hydro¬ 
lysis, calculated for 100 parts of Na^O contained in the soap in com- 

* Joum. Soc. Chan. Ind., 1885, 630. 


- This value is too low. 
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bination with fatty acid, x molecules of water being used for one of 
anhydrous soap. 

If we look at the numbers given for lauric, palmitic, and stearic 
acids only, it would appear that the sodium salts of the fatty acids 
are decomposed with greater ease, the lower their molecular weight. 
But on the one hand the behaviour of oleic acid does not conform 
to this rule, and on the other hand Thomsen ^ has shown that sodium 
acetate is not sensibly dissociated by water. (Cp., however, p. 132.) 

Roiondi ^ explained the action of water on soap in the following 
manner: Neutral (commercial) soap.s, on being dissolved in water, 
are decomposed into basic and acid salts; the latter are insoluble in 
cold, and only .slightly soluble in hot water. The acid salts not being 
dialysable, can therefore be separated from the ba.sic .salts which 
readily pass through membranes. The basic soaps are readily soluble 
in cold and hot water, and are completely precipitated by sodium 
chloride without loss of alkali; their solutions dissolve acid soaps on 
heating, but become turbid on cooling. 

Rotondi’s views have been .shown to be erroneous by Krafft and, 
Stern ® who, on repeating ChevreuVs experiment with pure sodium 
palmitato (2 grms.), obtained the following result: — 


1 Part of Sodium Palmitate containing 8’27 per cent of Na: 

lluiletl witli parts of 

lidded, on cooHmr, salt containing 

Water: 



Per cent. 

200 

7'01 

;{oo 

6-84 

400 

6*60 

4r)0 

6-82 

000 

6-04 

900 

4-20 


In order to furnish an insight into the approximate composition of 
the separated salts, the following table is given:— 


Salts of tliy 

Cuiitain Ka. 

formula 

per ci'Ut. 


8-27 

3C„H„0,Na+ C,„H„0.. 

0-33 


. 4-31 


. 2-20 

Similar experiments with pure sodium 

stearate gave the following 

result:— 



* Thmnochemischc Untersurhunge.u, i. 372. 

Jmtrii. tioc, CItrtn. Jnd., 1885, 601. ^ Jierir/Ue, 1891, 1747. 

* According to Siniti {Zeits. f. plii/sik. Chem., 1903, 008) .1 iiorni.il (.iqiieoiiM) 
solution of Hodiuni palmitato does not show sigii-s of hydrolysis. 


[Table 
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1 Part of SuiUum Btoarate containing 7'52 per cpiit of Na : 

Boiled wiLli parts of 

Yielded, on cooliiit;, salt couUiiiiiiig 

\\ at«r; 

Xa 


Per cent. 

I. U. 

200 

6-SI 6-27 

yoo 

6-81 0-71 


Sodium bistearate, CjgHggl^Na + CigHggO.^, contains 3-89 per cent of Na*. 

From these experiments the conclusion must be drawn that hydro¬ 
lysis increases with the molecular weight of the fatty acids; this is 
in direct opposition to the conclusions derived from Alder Wright and 
Thompson’s more complete scries of observations detailed above (p. 126). 

As shown already, oleic acid occupies an exceptional position as 
regards the hydrolysis of its salts. This has been confirmed by Krafft 
and Stern, who observed that pure neutral sodium oleate dissolves 
in about 10 jiarts of cold water to a clear solution, which docs not become 
sensibly turbid even after dilution with 900 parts of water, whereas 
sodium biolcatc, CjgHggOgNa + CjgHj^Oo, is immediately dissociated 
by cold water. In order to hydrolyse oleates, much larger (quantities 
of water arc re(|uircd; at the same time the temperature must be 
lowered con.'^iderably. 

The solid claulic acid, however, simulates stearic acid in its behaviour, 
as the following observations prove :— 


1 Part of Sodium Klaniato eoulaiuiiig T'5(» P'T eeiit of Na : 

Boiled with parts of 

Yielded, ou cooHu'^, salt oMiiUuiuiig 

Wal'-r; 

Na 

300 

I’l-f ClOlt. 

5-80 

1000 

3-2i 


In the light of these experiments, those commercial soaps, w^hich 
consist chiefly of jialmitatc, stearate, and oleate, would yield, on 
treatment with large (quantities of water, acid qjalmitate and stearate 
as q>i'ecipitates, wliereas free alkali and oleate remain in solution. 
The solution would thus contain soap plus free alkali, a fact which 
has been taken by Rotondi as a proof for the existence of basic soaps 
in solution. Moreover, direct experiments mad(5 with a view to pre¬ 
paring synthetically bash; salts from oleic acid failed completely, 
and on hydrolysing pure sodium paluiitate with 900 parts of water, 
not a trace of jialmitic acid could be detected in the cold sujiernatant 
solution. 

The direct proof for the fact that free fatty acid and free alkali 
co-exist in a dilute solution in the hot was given by extracting a solution 
of not comqdetely hydrolysed normal sodium palmitute with toluene, 
when free qialmitic acid was obtained. 

The hydrolysis of soaps becomes complete, according to Krajft and 
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WigloWy^ if the one of the two components of the normal salt—for 
instance, the fatty acid—is removed (by shaking out repeatedly with 
toluene). 

This statement, however, is not consistent witli tlic fact detailed 
below, namely, that free alkali prevents hydrolysis. Theoretically, 
it must, therefore, be expected that in a soap solution an equilibrium 
would be established between the hydrolysing tendency of water and 
the opposite tendency of free alkali to prevent hydrolysis. Hence it 
would follow that if a (certain amount of water be added to a soap 
solution, a definite (juantity only, but not the whole quantity of fatty 
acid, can be extracted, and that a certain amount of soap must remain 
undissociated in the solution, such soap being protected, as it were, 
from further hydrolysis by the amount of alkali set free in conse{|uence 
of the hydrolytic dis.sociation that had taken place so far. In oi'der 
to verify this view by experiment,^ I prepared anhydrous soaf>s from 
pure palmitic acid, pure stearic acid, and commercial oleic acid (con¬ 
taining about 8 per cent of solid acids). Two series of experiments 
were mude with one gram of each anhydrous soap ; in tlie one series 
the soaps were dissolved in 400 c.c. of water, and in the second series 
in 900 c.c. of water. The soap solutions were boiled under a reflux 
condenser, and then shaken out with toluene. The boiling and shaking 
out was repeated eight tiiruis; the toluene w.as then evaporated and 
the free fatty acids recovered from it and weighed. The alkali in the 
soa]) solutions w.as determined by titration in three stagc.s ; the solutions 
were first titrated in the cold, using phenolphtlmlein as an indicator. 
They were then boiled, and titrated after boiling, again using phcnol- 
phthalein as an indic’ator. Finally the solutions were titrated with 
methyloraiige as an indicator. The amounts of alkali so found arc set 
out in the following table. The fatty acids recovered from the toluene 
solutions were weighed and calculated to anhydrides; the numbcr.s 
are given in the following table. Tlio theoretical amounts of alkali and 
anhydrides are added for comparison. 

' Joiini. Soc. Ohciii. Jnd., 1896, 206. ^ ('p. 1907, 590. 


[Table 
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Hydrolysis, by rneans of Water, of 1 grm. of pure Anhydrous Soap 
(Lewkoviitsch) 


Na20. 

Fr<itn 

Oleic Acid 
(commercial). 

Stearic Acid. 

Palmitic Acid. 

400 c.c. 
water. 
Per 
cent. 

900 c.c. 
water. 
Per 
cent. 

400 C.C. 
water. 
Per 
cent. 

900 c.c. 
water. 
Per 
cent. 

400 c.c. 
water. 
Per 
cent. 

900 c.c. 
water 
Per 
cent. 

By phcnolphthalein, in tlio cold 

3*93 

a-87 

7-83 

4-32 

5-96 

4T3 

, „ nftor boiling . 

3-25 

5-9 

0-23 

3-76 

5-19 

7-03 

By methylorange .... 

3-18 

1-38 

2-2 

2-93 

0-60 

0-61 

Total Na^O, found . 

10-3(5 

10-15 

10-26 

n -01 

n-75 

11-77 

Theory . 

10-197 

10-03 

11 

15 

Fatly Anhydrides — 







Hydrolysed .... 

77-3G< 

75-r»9 

85-47 

85-014 

SI-29 

82-97 

Not hydrolysed .... 

9-37 

5-25 

2-71 

3-3 

1-94 

1-96 

Insolutilc in water and other 

0-17 

0-84 

1-43 

0-18 

1-5 

0-29 

Total found .... 

86-709 

81-68 

89-61 

88-494 

81-73 

85-22 

Theory . 

89-803 

89-87 

88-85 


It will be seen from the above experiments that the quantity of 
soda found is slightly greater than theory requires ; this ean easily 
be explained by the action of the water on the glass vessels. The 
amount of fatty anhydrides found in the case of oleic acid is much 
below theory; this must be duo to oxidation that had taken place 
on drying the oleic acid. Although in the other two ca.ses also the 
agreement between experiment and theory is not so .satisfactory as 
might be expected (owing to the large quantity of solvent used, and 
the large number of operations through which the small quantity of 
fatty acids had to be put), still the experiments fully bear out the 
theoretical postulate that complete hydrolysis is impossible. In the 
case of palmitic acid the hydrolysis had reached a remarkably high 
degree ; this would readily explain the statements of Krafft and Wiglow, 
who worked especially with palmitic acid. 

From the foregoing notes it is apparent that oleic acid behaves 
differently from the soUd fatty acids and even from elaidic acid, with 
which it is isomeric. This difference, however, disappears if not only 
the one factor, which has been considered hitherto exclusively, viz. 
the proportion of water, be taken into account, but if due regard be 
had to the temperature. For Krafft and Wiglow ^ observed that the 
temperature at which the separation of acid salts commences always 
lies below the melting point of the corresponding fatty acid. I have 
compiled the following table from the earlier experiments of Krafft 
and Wiglow, in which a 1 per cent aqueous solution of the sodium salt 
was examined, and from some later experiments published by Krafft? 

* Jmm. Soc. Chem, Ind.^ 1896, 206. Berichte, 1899, 1598. 
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I have also corrected the melting points of the free acids where 
necessary. 




I. 



H. 





Temperatures of Separation from 

Tempera- 

Ml 


v. 


Ayiiuous SoliilloDs, couUining 

ture of 


IV. 

Meltiiij; 



per cent: 


Separation 


Difference, 

I’oiiils of 






from 1 per 


IIl.-U. 

tbo Dry 






cent 

AClU. 


Salts. 


25 

20 

15 

JO 

Solution. 





•c. 

“C. 

U. 

“C. 

•(J. 

•c 


” C. 

Stearic acid 


69 

68 

63-fi/ 

60 

69-2 

9-2 

about 260 

Palmitic ,, 


62-61 -8 



4.5 

62-0 

17-0 

„ 270 

Myristic ,, 


53-52 



31-5 

53-8 

22-3 

„ 260 

Laurie ,, 

45-42 

about 36 

... 


11 

43-6 

32-6 

255-260 

Elaidic „ 


45'5-44-8 



85 

44-0 

9-0 

22.5-227 


13-6 




0 

14-0 

14 0 

232-235 

Krucic ,, 


35 34 



27 

33-6 

6-5 

230-235 

Brassidic ,, 


56 



42 

65-6 • 

23*5 

245-248 


From those number-s the following rule has been derived by Krafft : 
The temperatures of crystallisation of soaps always lie below the 
melting points of their free fatty acids, and the difference between the 
two temperatures increases as we descend in the homologous .series.^ 

It will thus be seen that oleic acid falls in line with the other acids, 
and that, e.g., a liot solution of sodium palmitate behaves like a cold 
solution of sodium oleate. 

In dilute solutions the sodium salts of the higher fatty acids would 
therefore behave like crystalloids (cp. Vol. III. Chap. XV. “ Soap 
Manufacture ”). 

A, lieycMery^ who repeated Krafft’’s experiments, finds, however, 
that the temperature at which crystallisation of dilute sodium palmitate 
solution begins, becomes piogressivoly higher with increasing con¬ 
centration. It is especially remarkable that the separation of (trystals 
takes place almost completely within a small interval of temperature, 
so that the filtrate from the crystals obtained a few degrees below 
the temperature of crystallisation, does not yield an appreciable quantity 
of salt. Solutions of sodium palmitate of a concentration of n©- and 
normality are clear in the hot and yield the first acicular crystals 
between 47®-45® C., and then crystallise completely in lengthy lamimo 
at 43®-42® C. They thus form the seat of a distinct crystallisation in a 
clear medium. A normal solution becomes slightly cloudy at 45° C., 
and acicular crystals form at 42-5° C. A ready separation of the 
crystals takes place at about 40-5° C. Solutions between and 
normality are more or less opalescent at a high temperature and become 
iridescent a little below 60° C. At 40°-36° C. a somewhat rapid separa- 

* Observations of “temperatures of cry.stallisatiou ’’ of concentrated solutions of tlie 
sodium salts of kuric, myristic, palmitic, stearic, oleic, elaidlc, enicic, and brassidic acids 
are recorded by L. Hooren, Inaiig. Dissert.f Heidelberg, 189S. The application of the 
principle underlying the above given observations to the resolution of practical problems 
has been proposed by Tortelli and Fortini, Ghem. Xeit., 1910, 890. Cp. Chap. XII. 

® Bull. Soc. Okim. lielg. (Jubilee Number), 1912, 194. Cp. A. Keychler, “Con* 
tributious & I’fitude des Savons,” read before the Eighth International Congress. 
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tion of extremely fine crystals, not recognisable as such with the naked 
eye, takes place. Thus indistinct crystallisation in a turbid medium 
is observed. Solutions of normality are both opalescent and 
iridescent, and crystalline granules only separate out. On raising 
the temperature of the solutions after their crystallisation any 
iridescence present di.sappears at temperatures slightly above 50° C. 

The sodium palmitate u.sed for these experiments had, as the author 
calculates from the data given by Reychler, the following composition :— 

..Ill, 

.Sodium palmitate ... . 98 ()3 

Krec palmitic acid . .0-31 

Water ..... 10() 

Tho electrical conductivities of tlic above solutions corre-spond 
to the phenomena of crystallisation (see below). 

From a series of observations carried out by Krajfl and Wif/Jotv ^ 
with a view to determining the molecular weight of soaps })y the ebullio- 
scopic method, it appears that the sodium saUa of tlic lower fatty acid.s 
raise the boiling point of water by twice the normal value; this is 
explained by the assumption that each molecule is hydroly.sed into 
free fatty acid and sodium hydroxide, as is indicated by the following 
ecpiation :— 

Cull.O.Na+HaO-CaH^Ou-l NaOH. 

So'liiiin Acotato Accfic Acid 

The sodium salts of the higher fatty acids do not raise the boiling 
point of water ; the solutions solidify on cooling to gelatinou-s masses, 
and thus show the characteristic behavioui- of colloids (cp. Vol. TIL 
Chap. XV. “ Soap Manufacture ”). 

The observations of Krqfft and Wif/low arc reproduced in the follow¬ 
ing table 


Soiliimi Suits 


Parts of Salt 

of 

Formula. 

in lUO jiarts 

Acid. 


of Water. 

Af.-ctic 

('2HyOuNa 

i 0-9 1 
) 2.')-2 » 

1’i‘opionic. 

OjHANi. 

/ 3-8 1 

1 19'8 j 

Caproic . 

C,H„02 Na 

f ST. 1 
\ 20-e / 

^Noiiylic . 

C,H„OjNa 

f S-4 \ 
1 20-.1 / 

Laurie 

Cj2n2302Na 

i ^'3 1 
\ 16'1 / 

Palmitic . 


i 16-4 1 
\ 2.5-0 / 

Stearic 


faht. 16-0 

1 27 

Oleic 


26-5 


Moloculur Weicht. 




AjiparentMol. W. 



Normal Mol. W. 

Ai'iiarent. 

Normal. 


.50-.5 

} { 

0-6 

40-3 

0-.5 

51-7 

46-2 

} { 

0-6 

0-.5 

72-8 

77-9 

} { 

0-52 

0*56 

144-1 

2S.5-5 

} { 

0-8 \ 

1 -58/ 

474 

} 222 { 

2*13 

.507 

2-28 

about 1060 

} I 

j 300 1 

about 4 

ap{)roaching oo 
about 1.500 

approaching oo 
about .5 

apjiroachiiig oo 

ajiproachiiig <x> 

approaching co 

304 

approaching oo 


* lierkhte, 1896, 1329. 
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The numbers given in the last column are, in the opinion of Kraffl 
and Wiglow, a measure of the dissociation brought about, and would 
thus show in a general way that the salts of tlic lowest fatty acids are 
hydrolysed in the hot, those of the higher acids even in the cold, whereas 
lauratcs occupy an intermediate position.^ 

In the case of acetic acid at least, it is certainly very difficult to 
agree with the views of Kraffi and Wiglow, as acetic acid can he deter¬ 
mined quantitatively by titration with alkah in aqueous solutions.^ 
In the case of the higher fatty acids, which can no longer he titrated 
with quantitative residts in a<|ueous solutions, their opinions become 
more acceptable, especially so in consideration of the experiments 
described above. 

The hydroly.sis of sodium stearate might then be represented in 
the following manner— 

C.sHssO,. Na I . H-|- NaO H, 

expressing the fa<'t that an 0 (|uilibriuni is established between free 
stearic acid, free caustic soda, and sodium stearate. 

As regards the values given in the last column tor the first three 
acids, which show that the molecular weights are apparently only 
half the theoretical ones, the modem ionisation theory seems to afford 
the better explanation, namely, that the salts are broken up into two 
ions, the .sodium ion and the fatty acid ion.® 

./. If. M‘Bain and M. Taglor derived from a study of the electrical 
conductivities of solutions of sodium palmitate the conclusion that-— 
in contradistinction to the observation of Kraffl and Wiglow- normal 
soa|)s in concentrated arjueous solutions are not colloids. The ebullio- 
scopic method employed by Krafft and Wiglow is considered to be 
faulty in its ajiplication to sodium palmitate solutions on account of 
the influence which air occluded in, or absorbed by, the viscous soap 
solutions has on the measurements. A better insight into the nature 
of sodium palmitate solutions is obtained, according to M‘Bain, and 
Taylor;' by studying the electrical conductivities of .sodium jialmitate 
solutions of 0-01-1-5 normality. These observers arrive at the con- 

' The uiuiiies of fatty achla reprojiciit similar plienoinena inasmuch as lower amines 
behave like crystalloids, whereas lii^lior amines {c.g. CmlJyg. NHo) <lo not raise the boiling 
jioint of water and behave like colloids. 

^ (Jp. also A. Miiller, Allgenidne Chemie dcr KoUoUh', 1907, 179. 

3 Cp. Kahlenberg and Schreiner, Zeits. /. pkydL C7<ewf., 1898 (27), f)52. Krallt, 
JierkJite, 1899, ir)84. A. Smits, Zciis.f. physik. Cfii'/ii,, 1903 (d.'i), 5. KralTt, Zeits./. 
ungi'.w. Chem., 1909, 857 ; Zeits./. physik. Vltew., 1906 (47), 5. KahlenWrg, Chcin. 
ZeU.t 1908, 689. A. Mayer, G. Schavll'er, and R F. TeiToine, Coi/ipt. rend., 1908 (146), 
484. With regard to the viscosity of aqueous solntioms of sodium palmitate cp. F. 1). 
Farrow, .himi. Chem.. Soc., 1912, 357. The viscosity of soap sohition.s—obtained from a 
" Marseilles soap,’’ i.e. a mixture of sotlinm, salts of saturated and unsatnrated fatty acids 
—is also dealt with by F. Botlazzi ainl C. Victorow, Itendiconti del R. Accad. del JAncei, 
1910, xix. I. 659. 

* Berichte, 1910, 321 ; cp. also J. W. M'Bain, R C. V. Cornish, and R. C. Bowden, 
“ Stmlies of the Constitution of Hoap in Solution : Sodium Myristate ami Sodium Laiinato, 
Journ. Oie.m, iinc., 1912, 2042. 

Zeie.t. /. physiol. Vheia., 1911 (76), 179. Ci'. F. Goldschmidt and L. Weissmaun, 
Zeits./. KUktroehein., 1912 (18), 380. 
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elusion that normal soaps, even in their most concentrated solutions, 
arc not colloids but mixtures of colloidal acid sodium palinitate, formed 
hydrolytically, free sodium hydrate, and probably electrolytically 
dissociated neutral palinitate. Reychler, however, concludes from his 
above-stated observations, that soap solutions, especially those which 
are neither too dilute nor too hot, represent colloidal media.^ 

Since, according to modern views, the difference between the 
colloidal state and complete solution, ie. the crystalloidal state, is 
only one of degree,^ there is no difficulty in accepting the view that 
soap behaves under some conditions like a colloid and under other 
conditions like a crystalloid, the special condition being chiefly the 
quantity of the solvent (“ disperse phase ”) in which the soap is 
suspended or distributed (“dispersed”). Bowden^ expresses the 
opinion that the concentrated solutions may contain tlic acid salts in 
the colloidal state. 

Possibly the question could be decided experimentally by studying 
the osmotic pressure of soap solutions of different concentrations, 
since all evidence goes to show that true sohitions exhibit a definite 
osmotic pressure, whereas colloidal solutions show cither no pressure 
or only a very slight one. 

In this connection attention may be drawn to the important experi¬ 
ments made by Kahlenherg ^ and his collaborators which prove that 
instantaneous chemical changes take place in solutions of copper 
oleate in benzene on adding hydrochloric; acid or stannic chloride, or 
on passing hydrogen sulphide gas through the solution. It was oven 
found that it is possible in such solutions to replace one metal by 
another. 

The hydrolytic action of water is retarded by the presence of free 
alkali. The following table, due to AkUr Wright and TJmnfSon, 
which should be compared with the one given above, p. 120, clearly 
illustrates this well-knowm fa(;t {Practice of Hoa'p-nmhing; cp, Vol. III. 
Chap. XV. “ Soap Manufacture ”). 


Fatty Acids. 

Excess of Na^O added 
to Solution nor 100 of 
Ooinbineu Soap. 

HydrolyKis brought about by 

X Molecules of Water. 

Per cent. 

x = 150 

x = 250 

*=2000 

Cnide lauric .... 

11-0 

ri 

1-6 

2-0 

Cotton seed oil acids 

15-0 

nil 

nil 

6-5 

Stearic and oleic (from tallow) 

20-0 

nil 

nil 

nil 


^ “Coutvibutiou.s a rEtu<le Ic.s Savona,” Eighth InlurnatioiiahCoiigress, vol. xxii. 221. 
2 The size of particles in tlie crystallohlal stat«! may ho taken as falling approximately 
below 1/iju, whilst tlio.se representing the colloitlal state would fall between OOV !/*/*• 
® Juurn. Chem. .Soc., lUll, 193 ; cp. also F. G. Donnan and A. S. White, ibid., 1911, 
1668. 

. • * Instantaneous chemical reactions and the theory of electrolytic di.ssociation, Journ. 
Phys. Chem., 1902 (6), 1 ; cp. J. L. Sammis, ibul., 1906(10), 593. 
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Alcohol also exercises a retarding influence on the hydrolysis of 
soaps. Absolute alcohol, as also alcohol of 95 to 90 per cent, dissolve 
neutral soaps without causing dissociation. This is proved by the 
following table, which I have collated from Krafft's ^ determinations 
of the molecular weights of normal soaps in solutions of anhydrous 
alcohol. 


Salt. 

Formula. 

Molecular Wcij'ht 
found. 

Theoretical 
Molecular Weight. 

Potassium formate 

CHOgK 

87-60 

84-16 ' 

,, acetate 

(Potassium hoptylate 

CsH^OjK 

93-3.96-7 

98-18 

C,H,AK 

153-7-156-5 

168-28) 

Sodium laurato . 


237-2 

222-3 

,, myristate 


253 

250*3 

,, paluiitale 


282-6 

278-4 

,, oleato 

C„ltO.,N« 

301 

304-4 

Rubidium jmlinitato 


339-6 

340-6 

,, st(‘arato 

Caesium palniitato 


369-0 

368-7 


387-9 

383-2 

,, .stearate . 

Potassium oleato . 


415-5 

416-3 

C 1 HH 33 G 2 K 

347 

320 


If water be added to an alcoliolic soap solution, hydrolysis is brought 
about, in proportion to the quantity of water added. (This is easily 
demonstrated by adding a drop of phenolphthalein solution.) Kaniiz ^ 
showed that in order to prevent hydrolysis an alcoholic soap solution 
must contain at least 40 per cent of absolute alcohol. In practice it 
is safer to work witli liighcr concentrations.® Soaps separate from 
their concentrated alcoholic solutions, on cooling, as a jelly-like mass, 
which, however, becomes crystalline on standing for some time. 

With regard to the solubilities in al(;ohol of the soaps of the individual 
fatty acids, compare the statements under the several acids in this 
chapter ^ (see below). 

Alkaline alcoholic soap solutions containing so much alcohol that 
no dissociation takes place are decomposed to a considerable extent 
in the cold by a current of carbon dioxide.-'* 

Amyl alcohol if present to the extent of at least 15 per cent prevents 
hydrolysis of soap solutions. 

Glycerol also causes a diminution of the amount of hydrolysis 
brought about by water. 

The presence of salts diminisljcs the solubility of soaps in watci*. 
Soaps are insoluble in sufficiently concentrated solutions of common 
salt, of sodium sulphate, and of caustic alkalis. The soaps are therefore 
thrown out of their aqueous solutions by the addition of salt, etc. 
{Soap-mahing cp. Vol. III. Chap. XV. “Soap Manufacture”). The 
laurates and ricinoleates are remarkable in this respect, as they require 
large quantities of salt to throw them out of their solutions. 

] Berichte, 1899, 1.*.94 ; Zeita. f. physwl. (.’Am., 1906 (47). 1. 

'■* BenchU^ 1903, 400. ^ Cj). HoUle, Zeits. f. Klcktrockeink, 1910, 438. 

^ Cp. also Freumllich, Chem. Revue, 1908, 135 ; 160. 

^ Fendler and Kuhn, Zeits./, angeso. C/tew., 1909, 107. 
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Stiepel ^ examined the beliaviour of the sodium salts of eaproic, 
eaprylic, caprie, lauric, myristio, palmitic, and stearic acids to solutions 
of common salt. Whereas sodium caproatc is not “ salted out ” from 
its solution by a saturated solution of sodium chloride, the laurate is 
insoluble in a 17 per cent, and the stearate in a 5 per cent, solution of 
sodium chloride. 

The afiinities of those fatty acids, which are mo.st frequently met 
in natural oils atid fats, to caustic soda and potash are sen.sibly the 
same ; hence if a mixture of caustic; soda and potash be brouj^ht into 
contact with a quantity of fatty acid.s which is insuflicient to neutralise 
the total alkali present, a mixture of soda and potash soaps irsults with 
an excess of caustic alkali, and the ratio between fieo caustic soda 
and potasli is approximately the same as tliat of the combined alkalis. 
The followiriij table, due to Alder Wright and Thompson,^ expresses 
this clearly : in each experiment there were present for one molecule 
of fatty acid two molecules of alkali, one of caustic soda, and one of 
caustic potash :— 


Kiilty Aci<l. 

Perc^^llU^'e of 
<;rinver 

.Soda Soap. 

hIjiI Fatly .\ci<l 
/Oil into 

I’otash .S<iap. 

Pure slearit; ..... 

01-2 

48-8 

Pure uleic ...... 

00-8 

49-2 

(Jnide stcarie and oltuc (tallow). 

61’5 

48-5 

Crude steurie, palmitic, and uleic 



(palm oil and tallow) 

48-2 

61-8 

Crude lauric (cocoa nut oil) 

49-7 

60-3 

Jleaii . 


50-3 

49-7 



Pra(;tically, in every case lialf tlie caustic, alkali was present as 
soap and the other half as uncombined liydroxido (cp. also Cliap. II. 
p. 1)9). The experiments thus bear out the loj^ical postulate, that 
a soda soap on treatment with as much caustic potash as is e(|uivalont 
to the soda present, and conversely, a potasli soap treated with one 
equivalent of caustic soda, should yield a soap containing half the 
fatty acid in combination vvitli potash and the other half combined 
with soda. 

The carbonates of soda and potash beliave in a manner very different 
from that of the caustic alkalis. Experiments (;arried out in a similar 
fashion to those described in the case of the cau.sfic alkalis proved that 
the prevailing tendency is towards the formation of potash soap and 
sodium carbonate, whether potassium carbonate bo intermixed with 
soda soap in proi)ortions c<[uivaient to the base, or sodium carbonate 
be intermixed with potash soap; in the latter case, even when tlic 
quantity of sodium carbonate was largely in excess of the amount 

^ Seifenfatirilcant, 1901, 933, * Junrn. (Jhem. hul., 188.0, 020. 
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cijuivalcnt to tlie potash present, only a comparatively small proportion 
of soda soap was formed. The following table, duo to Alder Wriffjff. 
and Thompson, gives the ac.tiial number.s obtained : - 



Soda Soai) fused with 

Poki-sli Soai)s fused with 


<JO 


fXhNa,. _ 


Percentage of Total Fatty 

Perceiitane 

ol Toial 


Acids present. 

Fatty Acids 

jiresent. 

Fatty Acid. 






K(liiiv.il(‘ntto 

Aetimlly con- 

EqiiiTlllentU) 

Actually 


the COiK., 

vert***! into 

the (JU iNa-> 



udded. 

I’oUish Soaj>. 

.nddeil. 

•Soap. 

Stearic and oleic (tallow) . 

10-4 

8-0 




45-7 

34-4 



>. 

100-0 

97-9.5 

100-0 

4-.3 

Stearic, palmitic, and oleic ([»alm 

104-2 

99-00 

1000 

];. 0 

oil and tallow). 

57-2 

52-1 



Stearic, palmitic, and oleic (paljii 





oil and tallow). 

108-0 

90 -8 

177-0 

9-5 

Crude laniic (cocoa nut oil). 

.^*2-8 

40-4 



Crude rieinoleic (castor oil). 

114-8 

87-9 

197-0 

(j'j 

f.0-0 

48-4 




100-0 

93-8 

20.5 0 

8-2 


The chlorides of the alkali-metals behave in the reverse manner, 
the prevailing tendency being towards the formation of soda soap 
and potassium cliloride ; at any rate, these salts are formed in preference 
to potash soa]) and sodium chloride wlien the relative masses are nearly 
e<jual. {Old melfiod of makinff hard soap from wood ashes ; cp. Vol. IIJ. 
Chap. XV. “ Soa]) Manufacture.’’) On repeating tlie .same operation, 
tlie exchange of the metals may become a complete one. 

The results obtaiiuMl by Alder \S'ri{)ht and Thompson in a series of 
experiments, where 10 molecules of KCl and 10 moleiuile.s of NaCl 
were used for 1 molecule of soap represented by one-half molecule of 
potasli soap and one-iialf molecule of .soda soaj), are reproduced in the 
following table :— 


Fatly Acid. 

I'crcentiiKe o 
eoiit 

As Potash Soap. 

f F.aMy Add 
ineil 

As .Sod.a Soap. 

Moleeiit ir llatio 
of Soda Snap to 
I’otasli .Soup. 

Pure oleic .... 

38-0 

62-0 

1-63:1 

Crude rieinoleic (from castor 
oil). 

17-8 

82-2 

4-6:1 

Stearic, oleic, and rosin (from 
tallow-rosin soa])) 

17-2 

82-8 

4-8:1 

Crude lauric (from cocoa niit 
oil soap) .... 

15-1 

85'9 

5-7:1 


However, by modifying the relative masses, potash soap and sodium 
(dilorido can be produced The experimental proof is furnished by 
the figures of the following table, where, in the case of columns (o), 
potash soaps dissolved in M molecules of water were salted out by 
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N molecules of sodium chloride for 1 molecule of soap, and m the case 
of columns (6), soda soaps dissolved in M molecules of water were 
salted out by adding N molecules of potassium chloride for 1 molecule 
of soap. 


Fatty Acid. 


N 

(a) Potash Soapa 
ftftltwl out with NaCi. 
Porueiitage of Fatty 
Acid in Curd as 

(b) Soda Soap-s salted out 
with KCl. Percentage of 
Fatty Acid in Curd as 

Potasii 

Soap. 

Soda Soap. 

Potash Soap. 

Soda Soap. 

Stearic and oleic (from tallow) 

100 

5 

10-5 

89-5 

79-1 

20-9 

,, ,, 

200 

20 


94-9 

82*1 

17-9 

Stearic, palmitic, and oleic 







(Irom ]Kilm oil and tallow) 

200 

20 

3*8 

90-2 

95-8 

4*2 

Crude laiiric (from cocoa nut 







oil). 

200 

20 

6*4 

94-6 

74-8 

25-2 


Sulphates, although tending in the same direction, have a lesser 
“ salting out ” effect than sodium chloride. The greater solubility 
of sodium sulphate in water than that of chlorides explains this 
behaviour. 

The action of chlorides and sulphates explains why caustic soda 
lyes (or alkaline lyes) containing chlorides and sulphates arc less 
effective in promoting saponification than lyes fj-ee from it.^ 

The density of some solutions of sodium palmitate and sodium 
stearate at 90° C. (compared with water at 4° C.) is less than that of 
water. This is shown clearly by the following table due to K. C. F. 
Cornish :^— 



Solutions. 

Norniiility. 

|)<-miity at 
;h»74 


Water. 

1 


0-9053 


Sodium hydroxulo . 

i 2-0 

nornial 

1 0437 


Sodium acetate 

1-0 


1 0020 



: 1-0 


00()2 r ) 





0- tfG 38 



0-35 


0-9 H 24 


Sodium j)almitate . 

I 0-2 


0-9058 



0-1 


0-9654 



1 0-05 


0-9055 



i 0-01 


0-9055 



0-5 

,, 

0-9599 



0-2 


0-0631 

Sodium stearate 

01 


0-9629 



0-05 

,, 

0-0621 


1 

001 


0-0639 


Sodium palmitate with an | 

1-0 

Na 

0-9796 


equivalent exces.s of sodium - 

O-I 


0-9654 


hydroxide ... ( 

0-02 

!» »* 

0-9646 


Sodium palmitate with three [ 

0-8 

»» »» 

0-0883 


equivalents excess of sodium 1 

0-4 

,, ,, 

0-97935 


hydroxide . . . ( 

0-2 


0-9698 

' (;p. 

Lewkowitscli, “Mo<leni Views on the Coiwtitutioii ofSoap,” Journ. . 

.. 1907, 590. 

%e.Us. f. pkys. Client. 

1911 (76), 






Ill 


AMMONIA SOAPS 


139 


The neutral soaps of the alkali metals are not readily soluble In 
the organic sohents (with the exception of alcohol) usually employed 
in analysis, such as ether, petroleum ether, benzene, etc. In the 
anhydrous state, the soaps are more soluble in ether and in benzene 
than in petroleum ether. On shaking out aqueou.s solutions of soaps, 
the soaps dissolve to a slight extent in ether, less so in petroleum ether. 
Acid soaps behave somewhat diifercntly. A.s the solubility of soajis in 
organic solvents plays an important part in commercial analysis, these 
points will be considered fully in Chapter VI. (“ Unsaponifiable 
Matter ”). 

With regard to the behaviour of the sodium salts of the fatty 
acids on melting cp. D. Vorlaender} 


Lithium Salt a.----The following solubilities were determined by 
Partkeil and Ferie : ^ - 



100 c.c. 

Wator titsstjlvi! at 

100 c.c. Alcohol 
(spec. 0*707) 

di)4.solv6 at 


18" 0. 

2.5" C. 

18" C. 

25" C, 

Lithium laiiralc . 

,, myristiito 

,, palniitatu 

,, stearate . 

,, oluate 

Orins. 

0-158 

0*023.5 

0*011 

0*01 

0*0074 

Onus. 

0*170 

0*0234 

0*018 

0*012 

0*132 

Orms. 

0-418 

0*184 

0-0796 

0-041 

0-9084 

Giras. 

0*4424 

0*22 

0*0955 

0-0532 

1*009 


Ammonia Soaps 

The ammomum. salts of the fatty acids are obtained by saturating 
fatty acid.s with aniim)nia. The dissociation of the ammonia soaps® 
in aqueous solutions takes place at a much increased ratio as compared 
with the alkali metal salts. A(pieous solutions lose ammonia very 
readily on warming, hence neutral ammonia soaps cannot be prepared 
on a practical scale. When an ammonia soap is allowed to stand under 
a bell jar over concentrated sulphuric acid, ammonia is lost rapidly, 
until the amount left equals one-half of tliat present in the neutral 
soap. On further standing, the acid soap so obtained usually loses 
more ammonia, but far less rapidly than does the original neutral salt. 
The acid ammonium salts of stearic and lauric acids appear under 
these conditions to be considerably less unstable than those of oleic 
and ricinoleic acids (cp. also Vol. III. Chap. XV.). 

The following table give.s the solubilities of the ammonium salts of 
stearic, palmitic, and oleic acids in alcohol, ether, and acetone, as 
determined by Falciola : ^ 

’ nerichte, 11)10, 3120. .-Irr/f. ,1. Plumin, 1903, .^52. 

^ Ammouia soaps are alreaily luenlioiioil hv Danret in the “ Rapport ” to the French 
Government, 1797. '■* Oazz. Ohtm., 1910 (40), 217. 
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Solubility in. Alcohol; Gniiiu< in 1(X) c.c. of Solvent 



. 

Ammoiiiiiiii Suit uf 



Palmitic 

Sti'ftric 

Ol.'ic 



Aei<I. 

Acid. 

Aci4. 

f 

.".O” 

114) 

5-5 

100-0 


4(r 

4-5 

18 


Ab.soliitc Alfoliol, at - 

•Mf 


0-0 



2ir 

1-4 

0-5 


1 

10'’ 

0-7 

0-3 

50-0 

1 

40° 

14-81 

5-0 


75 jxir cent Alcohol, at ■ 

'Mf 

20° 

11-02 

4-33 

1-83 

lb-8ti 

( 

10° 

1-78 

0-50 

8-20 

/; 40» 


3-21 


r>() ner cent Alcohol, at 

30" 


IHJ 


j; 

5-33 

051 


Ij 10*’ 


0-25 



Soluhility in Ether and Acetone at the ordinary temperahere; 
Granny in 100 c.c. of Solvent 




Aiiiinoiiiniii Sail ni 



. 

i’iilriiitic Ai'i'l, 

Stoarii' A(-i4. 

Oli'ic Acit 


Ether 

0-20 

01 



Acetone 

0-20 at 13° C. 

0-08 

4-7 



With regard to the electrical conductivity and viscosity of ani- 
inoniuin soap solutions cj). F. Goldvchinidt and L. Weissmann.' 

(2) Saltn of the Alkaline Earths and of the Heavy Metals - 
Water-insoluble Soaps 

The salts falling under this liead are best prcjiared by preci])itating 
aqueous or alcoholic solutions of the amnioiduiii or alkali metal salts 
with solutions of metallic acetates (cp. Vol. Ill. Chap. XV. “ Metallic 
Soaps ”). A systematic study of the soluhilities in the usual solvents 
is still wanting ; an investigation should well repay the time requited 
for it, as new methods of separating fatty acids could be elaborated. 

The .salts of the lowest fatty acids are soluble in water ; they readily 
form basic salts which .separate out from these solutions on boiling. 

The solubility of the salts decreases, like the solubility of the free 
acids, from butyric acid upwards, with the increase of the number of 
carbon atoms in the molecule. The numbers for the solubility of the 
calcium salts in water given in the following table demonstrate this 
clearly :— 

* SicU. Chan. Ind, d. Kolloide, 1913 (12), 18. 
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Calcium Salt of 

Soluble in parts of Watxjr: 

At Temperature. 

‘ U. 

Biitync acid . 

3*6 

14 

Valerio acid . 

4*9 

20 

Caproic acid . 

4*4 

21-22 

Caprylio acid. 

inoro than 160’0 

20 

Capric acid . 

large quantity of water 

100 

Laurie aci<i 

about 2000 

100 


The calcium salts of the solid fatty acids are decomposed ou heating 
to 270° C. The first product of decomposition of calcium palmitate 
or steai’ate is a mixture of solid (paraifin wax) and higlily viscous 
hydrocarbons ^ (cp. also below, “ Behaviour with Keagents ”). 

The barium, salts {Chevreul) of the volatile acids, as also their 
magnesium ^ salts {Ewers) and lead salts {Ashdth ^), are to some extent 
soluble in water ; in these cases also their solubility corresponds approxi¬ 
mately to the solubility of the volatile acids themselves. The barium 
and calcium salts of the higher fatty acids are iiydrolysed by water 
(cp. Palmitic acid, p. IGO; Stearic acid, p. 165). On being subjected to 
dry distillation tiiey yield, amongst other products, ketones (.see p. 150). 

Most salts of the lower fatty acids arc soluble in alcohol ; thosii 
of the higher acids arc insoluble in this mensl ruum. They are soluble 
to a considerable extent in hydrocarbons (see Vol. Ilf. Cliap. XV. 
“ Metallic Soaps ”). 

The higher fatty acids, such as stearic, palmitic, and oleic, react 
slowly with copper, lead, zinc, cadmium, with (ivolution of hydrogen. 
Silver acts very slowly. Aluminium, nickel, cobalt, antimony, iron, 
bismuth, tin, mercury, and platinum i-emain apparently unaffected.* 

The lead salts of the higher saturated acids ® are nearly insoluble 
in ether, whereas lead oleate, lead linoleate,® lead ricinoleatc,** in short, 
the lead salts of tlie most fre(juently occurring unsaturated acids, are 
soluble. The lead salt of erucic acid is but sparingly soluble in ether; 
the lead salt of “ iso-oleic ” (see ]>. 102) acid is stated to be insoluble. 
The lead salt of ricinoleic acid is insoluble in low-boiling petroleum 
ether. 

The solubilities of the lead salts of the following fatty acids in ether 
and petroleum ether have been studied by 6^. B. NeaceP 

’ Kiiiikliii’.iml Schwedlieliii, Amjsh. !Siu.fenx. Zeil., 1908, 1286; 1341. 

^ Magnesimii oleate appears to a'l-sorb and carry down with it sodinni oleate from 
solutions containing the latter ; sodium salts of saturated fatty acids are not so adsorbed 
(If. Masters and II. L. Smith. Proc. ('hem. Soc., 1913, 76;. 

^ C]»., however, fooUioto f), p. 625. 

^ 0. B. Gatos, Jouryi. Phys. Chem., 1911 (15), 141. 

® With regard to the lead salts of lower fatty acid.s cp. Colson, ('ni)ipi. rout.. 1903, 
675. 

Lead linoleato ami lead ricinoleatc denote here the salts of the mi.xetl fatty acids 
from linseed and castor oils respectively. ^ Amiysf, 1912, 399. 


[Table 
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OHAl’. 




11)0 c.c. of Solvent dissolve Ommiues. 

Lead Snlt of 

M.atiii!: Point. 
'C. 

Ether. 

P<-troIfnm Kthor 
lx>ilinK from 40-e()“ C. 



At 2 (r c. 

At Boilin'; 
Point. 

At C. 

At Boiling 
Point. 

Cjiproic acid 

73-74 


1-3040 


0-0608 

(Uoptylic acid . 

90r).91-r> 

0-2397 

t-4900 

0-0200 

0-0528) 

Caprylic acid 

83-5-84-5 

0-0938 

0-5400 

Practically 

0-0384 





insoluble 


(Nonylic acid . 

94-95 

0-1115 

0-2404 

Practically 

0-0450) 





insoluble 


Capric acid 

100 

0-0290 

0-4285 

Practically 

0-0170 





insoluble 


bauric acid 

103-104 

Practically 

0-0205 

Practically 

IVactically 



insoluble 


insolui)jo 

insoluble 

Myristic acid 

107 

I'ractjcally 

0-0555 

Practically 

0-0210 



insoliilile 


insoluble 


Palmitic acid * . 

112 

Practically 

0-0201 

Practically 

Practically 



insoluble 


insoluble 

insoluble 

Stearic acid * . 

125 

1 ’ractically 

Practically 

Practically 

0-0170 



in.soliible 

in.solublo 

insoluble 


Oleic acid . 

45-50 

Readily 

Readily 

Readily 

Readily 



soluble 

soluble 

soluble 

soIu])Ic 


Silver Salts .—The following solubilities of silver salts at 20*^ C. 
were determined by 0. Jensen : ^— 


Silver 

In 100 c.c. of Water. 

In loo c.r. l/2o Nunn. 
Silver Nitrate Holiitir)ii. 


Grms. 

(Inns. 

Butyrate 

0-4S9 

0-347 

(^'iprate . . 

0-0S9 

0-02!) 

Caprylate 

0-018 

0-00.5 


Tliis tabic would seem to show that the solubility of the salts decreases 
with the excess of added silver nitrate. 

Cadmium Salts.^— The cadmium salts of butyric and caproic acids 
are readily soluble in water. The cadmium salt of caprylic acid is less 
soluble and is precipitated to some extent—11 to 13 per cent—in 
concentrations of 0-025 to 0-050 grra. of acid in 50 c.c. of water. At 
a concentration of 0-1 grm. in 50 c.c., 63 per cent of tlie acid is pre¬ 
cipitated as cadmium salt. Capric acid in the above concentrations is 
precipitated respectively to the extent of 83-6 per cent, 90-5 and 98-7 
per cent. I^auric acid is almost completely precipitated, namely, in 
the order of the above concentrations to the extent of 94-9 per cent, 
96*7 per cent, and 99-3 per cent. 

Further information will be found under the headings of the in¬ 
dividual acids in this chapter, in Chapter VIII., and Vol. III. Chap. 
XV. “ Metallic Soaps.” 

' Cp. iilfio CliRp. VHI. p. 54J]. 

Zeita.f. Untera. d. Nahrga- it. Omxmm.., 1905, x. "266. 

® Paal and Ambcrger, Xdta.f. Unters. d. Nahrga- w. Oenuasm., 1909, xvii. 33. 
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Behaviour with Reagents 

The action of reagents on fatty acids is similar to that on their 
glycerides, excepting, of course, those chemical changes which are 
involved in hydrolysis. As the natural oils and fats contain glycerides 
of saturated acids in association with those of unsaturated fatty acids, 
the action of reagents on the mixed fatty acids as separated from the 
natural oils and fats is somewhat more complicated than in the case of 
the individual fatty acids. In the following lines an attempt will be 
made to distinguish the action which reagents have on mtumied from 
that on unsaturated fatty acids ; the special reactions characteristic 
of the several series of unsaturated fatty acids (cp. p. Ill) will be con¬ 
sidered under the headings of these several series. 

The higher fatty acids, above lauric acid (see Chap. VIIL), can be 
freed from adhering water by drying at 100^ C. The saturated acids do 
not absorb oxygen under these conditions; the unsaturated acids, 
however, must be dried in vaeuo or in an atmosphere of an indifferent 
gas (see Chap. VIII. “ Insoluble Fatly Acids ”). 

In the case of some hydroxylated acids, such as ricinoloic acid, 
polymerisation products are formed. I have shown ^ that in the case 
of wool wax fatty acids dehydration takes place to a considerable 
extent at 100° C., no doubt owing to the formation of lactones. The 
formation of a lactone at the ordinary temperature may be exemplified 
by y-stearolactone, which is obtained on decomposing (he potassium 
salt of y-hydroxystearic acid with mineral acids. 

When the non-volatile acids are heated to high temperatures, 
destructive distillation sets in with the formation of hydrocarbons. 
On heating the higher saturated fatty acids with sodium, magnesium, 
aluminium, iron, or tin, to a temperature of 350° C., there are formed 
carbon dioxide, hydrogen, gaseous hydrocarbons, and olefinic hydro¬ 
carbons having 22 to 28 carbon atoms in their molecule. Under the 
same conditions, silver and copper decompose the fatty acids to a very 
slight extent only [Hebert ^). 

On distilling stearic acid with magnesium powder at the lowest 
possible temperature, Hebert obtained stearone in admixture with 
solid and liquid hydrocarbons. T. II. Easterjkld and 0. M. Taylor ® 
observed that when stearic acid is heated with one-tenth of its weight 
of sifted cast-iron turnings to 280° C., evolution of carbon dioxide 
becomes noticeable, and on raising the temperature to 370° C., stearone 
is formed to the extent of 80 per cent of the theoretical yield.^ It 
would appear that a ferrous salt is first formed, and that this then 
undergoes decomposition; but on heating ferrous stearate to 360° C., 
only 60 per cent of stearone was obtained. 

By heating oleic, elaidic, erucic, brassidic, cerotic, melissic, and 
mbntanic acids with finely divided iron in the same manner, oleone, 

* Lowknwitsch, Journ. Soc. Chem. Ind., 1892, 141 ; 1896, 14. 

Hubert, Bull. Soc. Ohm., 1903, 316 : Easterfield aiul Taylor, Journ. Chem. Soc. 
1911, 2299. ^ Journ. Chew.. Soc., 1911, 2299. 

* English patent 7619, 1911 ; German patent 259,191, 
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claidone, orucicone, brassidonc, ccrotone, melissone, and montanone, 
respectively, were obtained. By employing aluminium or manganese in 
place of iron, 65 per cent of stcarone is formed. 

In the case of the lower fatty acids, up to acids of 12 carbon atoms, 
the reaction is less complicated ; ketones, whi(^h in their turn yield 
hydrocarbons, standing in near relation to the fatty acids from which 
they are derived.^ 

Mailhe ^ studied the action of acetic, propionic, butyric, and caprylic 
acids on zinc dust at temperatures ranging between 300'" and 350° C. 
The decomposition taking place was not of a pyrogenic nature, inasmuch 
as the products contained the same number of carbon atoms as did 
the original mateilal, or were .secondaiy products derived from the 
products first formed ; lienee no far-reaching destruction took place. 
Nickel acted very energetically, but copper exercised a much less 
pronounced action. 

Easferfield and Taylor also observed that ketones are the chief 
products of the interaction of the vapours of tlic lower fatty acids 
(from acetic up to, and including, caprylic acid) with many reduced 
metals. 

The beliavioiir of unsaturated fatty acids \uKler similar conditions 
has not Been studied hitherto systematically (cp. “Oleic Acid,” p. 180). 

The fatty acids of the saturated scries are not affected by the 
oxygen of air at the ordinary temperature. Mild oxidising agents 
such as hydrogen peroxide are, however, capable of oxidising all satur¬ 
ated fatty acids from formic acid up to, and including, steaiic acid 
at a somewhat low temperature to ketones (cp. ]). 55). The following 
table' enumerates tlie ketones hithei’to obtained by Dakin ^ from the 
fatty acids enumerated in the first column :— 


Aciil. 

rriHliict olOxitlatMui. 

n- Butyrifl 

Acetone 

K-Valeric 

Ethylmethylketono 

Caproic 

Propylmcthylkctono 

Capiylic 

Atnylniethylketono 

Noriyliu 

1 fexy Imcthylketnnc 

Caprio 

Hc])tylmothylkotonc 

Jjatiric 

Notiylnicthylketonc 

Myri-stic 

UndccylmoDiylkctono 

Palmitic 

Tridccylmeth3'’Ikctonc 

ytearic 

Quindecylinotliylkctonc 




The acids belonging to tlie linolic, linolenic, and especially the clup- 
anodonic series absorb oxygen from the atmosphere at the ordinary 
temperature, to form products the nature of which has not yet been 
fully investigated (cp. Chap. VITJ., and Vol. III. Chap. XV. “ Oxidised 
Oils”). The acids belonging to the oleic series absorb oxygen from 
the air very slowly at the ordinary temperature, but the absorption 

^ Uobert, Bull. ik'C. Chim., 190.% 316. - Oht'.m. Zdf., 1909, 242. 

^ Amcr. 0/iein. Jmrn., 1910 (44), 41. 
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becomes pronounced at a somewhat elevated temperature (cp. “ Oleic 
Acid,” p. 181) with formation of fatty acids insoluble in petroleum 
ether. I have termed these acids, pending further investigation into 
their nature, oxidised acids (cp. Chap. VTIL). 

Ozone or ozonised air is without action on saturated acids. The 
unsaturated fatty acids, liowever, absorb ozone quantitatively much in 
the same manner as stated above (p. 59) for the unsaturated glycerides, 
i.e. they absorb for each pair of doubly-linked carbon atoms one molecule 
of ozone (see below, p. 174). Thus oleic acid yields oleic acid ozonide, 
CigHg^Og, and linolenic acid yields linolenic acid ozonide of the com¬ 
position CigHgo^ii (see p. 205). 

If ozonising be effected in a .solution of hexane, normal ozonides 
are formed ; if, however, the acids be ozonised in a chloroform solution, 
perozonides are obtained, that is to say, one further atom of oxygen 
is taken up, the latter apparently being ab.sorbed by the COOH group, 
to form a CO 3 H group. Therefore, the perozonide of linolenic acid, 
like that of oleic, contains one oxygen atom more than the normal 
ozonide. The perozonides arc converted into normal ozonides by 
shaking with a dilute solution of sodium bicarbonate. 

On boiling with water ozonides are easily decomposed into aldehydes, 
the third oxygen atom (of the ozone molecule) forming with water 
hydrogen peroxide, which in its turn oxidises the aldehydes (as far as 
possible) to acids. This may be exemplified by the formula; given 
below, p. 184). 

Sulphur. —For the action of sulphur on fatty acids, cp. Chap. I. p. 61. 
According to tlie Gkemische Fabrik. vorm. Dr. H. Bijk} fatty acids having 
more than one double bond or containing an hydroxyl group, sucli as 
ricinoleic acid, form a plastic mass on heating them to 155‘^-160° C. 

Hydrogen is without action on saturated fatty acids. The un¬ 
saturated fatty acids can be reduced to the corresponding saturated 
fatty acids under the same conditions, as stated above (p. 59), for 
glycerides of unsaturated fatty acids. 

Chlorine,^ bromine, iodine, and iodochloride act much in the same 
manner on fatty acids as they do on the corresponding glycerides (see 
p. 60). It is, however, notable that tariric acid absorbs only two 
atoms of halogen. 

Concentrated sulphuric acid dissolves saturated fatty acids witli the 
formation of sulpho-compounds, whi(4i are readily dissociated, by 
boiling with water, into sulphuric acid and the original fatty acids 
{Cheureul). 

Fremy ® was the first to put forward the view tliat saturated fatty 
acids form addition products with sulphuric acid. An extensive 
examination of these products was made by Hoogewerff and van Dorp,* 
who give the following two alternative explanations for the formation 
of those compounds:— 


* German patent 252,193. 

For tlie preparation of monocbloriuatt*<l fatty aciils, by the action of sulphur 
chloride on fatty acids, see German patent 157,81(3 (H. Blank). 

Ann. Phann., 1836 (20), 50. ■* Rec. trai\ ckim. 18. 211, 1890; 21. 349, 1902. 

VOL. 1 L 
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14() 

y{OH )2 

R. COOH -f II 2 SO 4 - R - C( 

^0 - SO 2 OH 
or 

H 

R.C 00 H^H 2 S 04 = R-C( 

^OH 

B. W. van Eldik Thieme^ prepared tlie addition product of lauric 
acid and sulphuric acid by heating lauric acid in a solution of 1 ) 8‘5 per 
ccntsu]]>hiiric acid and allowing to crystallise. The crystals wore found 
to consist of 1 molecule of lauric acid and li molecules of sulphuric 
acid. This compound is soluble in cold petroleum ether. On diluting 
with more petroleum ether, however, the compound is dissociated. 

The action of sulphuric acid on unsaturated acids is more compli¬ 
cated, as secondary products are formed (cp. below, p. 185). 

Concentratad nitric acid oxidises all fatty acids, especially on pro¬ 
longed boiling, carboti dioxide and dibasic acids being foimed cliielly. 
In the case of capric achl Ijcwkowilsck^ has shown that with coricen- 
trated nitric acid, as also with a mixture of conc«‘ntrated nitric and 
sulphuric acids, carbonic and oxalic acids are obtained, and in the case 
of stearic acid, in addition to oxalic acid, suberic acid is formed. On 
prolonged boiling of myristic acid with nitric aci<l, specific gravity 1*3, 
the following dibasic acid.s are obtained : oxalic, succinic, glutaric, 
adipic, ])imclic, and suberic. 

Nilrofis acid is without action on saturated acids ; with unsaturated 
acids it behaves in a manner similar to that described above (p. 62); 
cp. also below, p. 173. 

Nitrogen tetroxide. —For its action on unsaturated fatty acids see 
p. 174. 

^elenioufi add. —The a<dion of selenious acid on some unsat urated 
fatty acids (as also their glycerides) has been made the subject of a 
(not yet completed) study by S. Fokin ^ 

Derivatives of Failg Acids 

Anhydrides of fatty acids corresponding to the formula (R) 2 f) arc 
obtained readily, as has been shown by Lewkowitsch,^ in the case of 
capric, lauric;, palmitic, stearic, cerotic, and oleic acids, by heating the 
fatty acids with acetic anhydride (cp. Chap. VI. “ Acetyl Value ”). 
Later on, Alhitzky prepared palmitic and stearic anhydrides by heating 
the corresponding acids with acetic anhydride under pressure at 150*^- 
160° C. 

Kassler^ patented the preparation of anhydiides from salts of fatty 
acids by means of sulphur chloride. 

1 Jonrn. f. 2 irakt. Chan., 11)12 (S.*)), 208. - Ibid., 1870, ITjO. 

^ Jovrn. Rv,.<in. Vhy.s. Ckem. 1918, 285, 

* Proc. Chan. Soc., 1890, 91. 


G«riiiaii patent 132,605, 1000. 



Ill 


DEEMVATIVKS OF FATTY ACIDS 


147 


The commercial production of anhydrides has been patented by 
C. A. Jensen ^ for Th. Goldschmidt^ by Goldschmidt himself,^ and by the 
AkL Ges. f. Anilin-Fahrikalion? 

For the separation of saturated fatty acids occurriii" in natural 
fats with tlio aid of their anhydrides (Gsell), sec Chap. VIII. The 
following anhydrides have been obtained in a state of purity ;— 


AnhyinMo. 

Boiliii;; Point. 

c. 

Molting Point. 
•0. 

Holiiiil-ying Point. 

"U 

Acetic .... 

1.37-9 



Butyric .... 

191-193 



Valeric. 

215 

... 


Caproie .... 

•J41-21.3 

... 


Caprylic .... 

1^80-290 



Laurie .... 


42^ 


Myristic .... 

... 

51-5^ 


Palmitic .... 


55-60=' 

56 

Stearic .... 


71-77=' 

68 

Oleic .... 


22-24 


Elaidic .... 


49-51-5 


l,iiiolic'* .... 





Amido’deriradves. —Jiy heating fatty acids in sealed tube.s at 
temperatures ncai’ 200"’ C. witlt ammonia, aniline,^ toluidiiu*,’ and 
naphtliylamine,'^ tlieir amides, anilides, toluidides, and naplithalidcs are 
formed. Some amido dcrivative.s thus obtained are stat(;d to liavo 
found technical application (cp. Vol. 111. Chap. XV. “ Amides of Fatty 
Acids ”). Tlie data collated l)y the author in tlic following table may 
therefore be found useful.^ 


Amides, Anilides, Toluidides, Naphthalides of Fatlj/ Acids 

Mt’ltiiig Point. 

Aniicles— ■ C. 


A(M}tic 

Jintyrio 

Valeric 

Ca]>r<)ic 

(.’aprylic 

(’aj)ric 

Laurie 

Myristic 

Palmitic 

Stearic 

Arachidie 

Behcnic 

(.'erotic 


82-83 




115 



. 114-110 



. 100 



07-98 



108 



. no 



. 102 



106-107 



lOS-5-100 



108 ’* 



. Ill 



. 109 


^ English jniteut 2,'•,433, 1908. 

2 English patent 611, 1911 ; French patent 407,046, and additions. 

^ English patent 23,924, 1910. ■* Griiu and Schacht, Jierichtc, 1907, 1782. 

* Allntzky, Joum. Rttss. phys. ckem. Sac. 31, 477. 

® H. Schoenfohl, Inmuj. Dissert., Ziirieh, 1912. 

Cp. Gnerin, Jiiill. Soc. t'him., 1903 [3], 29, 1117 ; P. W. Rohertson, Joum. C/iem. 
Soc., 1908, 1033. 

® As regards the action of furfnramide on fatty acids see Ludwig and llaupt, 
Zeils. f. Unters, d. Nakrtjs- u. Oenussm., 1907, xiii. 605. 

^ Pickles and Hayworth obtained from arachidie acid (isolated frojti Niam Fat) an 
amido melting at 99" C. {Analyst, 1911, 494). 
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Amides— 
Montanic 
Molissic 
Oleic 
Elaidic 
Potroselinic 
Erucio 
Brassidic 
Ricinoleic . 
Ricinelaldk-. 
Stearolic 
Anilides— 
Caprylic 
Caprio 
Laurie 
Palmitic 
Stearic 
Cerotic 
Montanic 
Mcli.ssic 
Stearolic 

Toluididcs— 
Butyric 
Valeric 
Caproic 
Ca|)ry]ic 
C’aprio 
Laurie 
Myristic 
Palmitic 
Stearic 

Naphthalidess-- 

Butyric 

Valeric 

Caproic 

Caprylic 

Capric 

Laurie 

Myristic 

Palmitic 

Stearic 


Melting Point. 

•C. 

I09-111 > 
116 
76-70 
0.1-94 
76 
84 
90 


91-93 

78 


57 

61 

68 

00 

04 

98-.6 ‘ 
101-5 > 
. 103 ‘ 

63 


74 
72 

75 
67 
80 

81-82 


66 

98 


120 

111 

112 

06 

90 

100 

105 

105 

no 


Hy(lroTXim-(hrivativefioi fattyacids areobtained by warming glycerides 
with hydroxylamine chlorohydrate.^ Thus stearo-hydroxamic and 
palmitO'hydroxamic acids, Cj7Hjyj.C(0H) : N.OH and Cj 5 H 3 j.C(OH) : 
N.OII, are prepared by warming stearin and palmitin respectively 
witJi hydroxylamine chlorohydrate. 

Esters of fatty acids, other than glyceryl esters, are prepared by 
dissolving fatty acids in methyl-, ethyl-, amyl-, etc., alcohol, then 
passing a current of hydrochloric acid gas through the solutions and 
washing the product with water (cp. also Cliap. XII.). As the methyl- 
esters, especially those of the liigher fatty acids, are likely to play an 
important part in the examination of natural oils and fats (see Chap. 
XII.), and as the ethylesters of the higher saturated fatty acids may 
find technical application (in the manufacture of celluloid), the author 
has collated the following tabic :— 

* Th. Rigg, Trans. Ne.w Zenlavd Inst., 1911, 64, 270. 

* Morelli, Atti H. AauL dei Lincei, 1908, 17. ii. 74. 
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Boiling Points and Melting Points of Methyl-, and Ethyl-esters of 
Fatly Acids ^ 



Muthylestor. 

Etliylestor. 

AclJ. 

Boilinsr Point 

Melting Point. 

Duilliig Point. 

Molting Point. 
'U. 


'C. 

'C. 

”0. 

Acetic . 

55 


77 


Butyric . 

102-3 


119-9 


Valeric . 

127-3 


M4-6 


Caproic . 

149'{) 


165-166 
under 735'8 


Caprylic 

102-90 

-10 to -41 

nun. pressure 
20^208 

-47 to -48 

83 imder 25 
nun. pi'es.suro 
223.221 
114 under 15 
Him. pressure 


243-245 



Capric . 


Laurie . 

148 under 18 

+ 5 

269 

- 10 


min. pressure 


71 in vaeuti 


Myristic 

167-168 

-f 18 

29,5 

- 10-5 to 


under 15 nun. 


102 in vacuo 

- 11 -5 


pressure 




Palijiitic 

196 under 15 
mm. pres.siiro 

28 

122 in vacuo 


Daturic . 

30 


26-7 

Stearic . 

211-215 
under 15 inm. 

38 

139 in vac 2 iO 

36 -7 

Arachidic 

Behcnic . 

pressure 

54-5 

281-286 
iitHier 100 
mm. pressure 

50 



43-49 

Lignoceric 


66-5-57 

305-310 
under 15-20 
mm. pressure 

55 

(Jarnatihic . 


.54..5.5 

10-.50 

Cerotio . 


GO 


59-60 

Montanic 


67-67 ‘5 


67 

Melissic . 

Tiglic 

Oleic 

212-213 
under 15 mm. 
pressure 

71*5 

156 

73 

Erucio . 


above 360 


Brassidic 

Liiiolic . 

207-208 
under 11 inm. 

... 

above 360 


Cliaiilmoogric 

pressure 

227 under 20 

22 

230 under 20 



mill, pressure 


mm. pressure 


Liiiolenic . 

207 under 14 


132-133 



mm. pressure 


in vacuo 


Riciuoleic 

225-227 


227-230 



under 10 mni. 


under 10 mm. 


Dihydroxystearic . 

pressure 


pressure 


106-108 


104-106 

Japunic . . , 




53 

Stearolio 

204-206 

-3 

215-216 



under 20 mm. 


under 20 mm. 



pressure 


pressure 



^ The specific gravities are given uiulor the headings of the individual fatty acids. 
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Ketones .—The preparation of ketones from fatty acids has been 
mentioned above (p. 144). The following list of ketones may prove 
useful. Tlic lower ketones were obtained by tlie usual method 
of preparing ketones; the higher ketones by heating the fatty acids 
with iron tilings to about 350° C. 


Ketoiu-H. 

Formula. 

Mflthijj Point 
"C. 

UbsiTVor. 

Caprono 


i4(i 

( Lichen and 
( Janeeek * 

Caprylotic 

(C,H.UXO 

40 

G’nckelbergcr 2 

Capriuono 


58 

(’Iriinin ^ 

Ijauruno 

(C„H,,)XO 

00 

Kippinj! ‘ 

MvrLstone^ . 

((1„H„),CO 

70-3 

Kralft ” 

Pahnitonc . 


82-8 

„ 

Daturone 

((i.H3,),00 

(C\,H,UXO 

75-.')-7() 

fhnard ‘ 

Stoarono"... 

87-8 

lleintz ” 

Cerotonc 


03 

Th. Jligg 

Montanonc . 


07-.5 

„ 

Molissotic 

{^-'29^59 ).iCO 

oorviuo 

,, 

Oleone ”... 

50 

/ Easterficld and 
t Taylor “ 

(0i7lla3)aCO 

Elaidone 

(0„H„)XO 

70 

Erucicono 


.50-00 

M 

Bni-ssidoue . 

(C,,H,.)XO 

80 

„ 


1.—Acids op tiik Acktio Series, 

Formic acid is stated to occur in Strophantus seed oil, croton oil, 
macassai- oil, egg oil, dadap fat, and in butter fat. These statements 
require, however, verification. 

Acetic Acid, 0211402-= CHy.CXJOH 

The glyceride of this acid is stated to occur (undoubtedly as a 
mixed glyceride) in the seeds of tfie spindle tree, Evonymus europwa, 
L. Acetic acid lias also been stated to occur in butter fat, macassar 
oil, and the fat from the seeds of Brucea anlidysenterica. The projierties 
of this acid need not be detailed here, inasmucli as the text-books on 
qualitative analysis supply the necessary information. 

Butyric Acid, C4lfg02^CH3.CH2.C}l2.C00H 

Butyric acid was discovered by Cheimul in butter fat, in whicli it 
is found in the form of a mixed glyceride (to the extent of about (5 per 
cent). 

* Liebigs Annal. 187, 134. 2 qq^ OQI. 

^ Ibul. 157, 270. Jourii. ('hem. *Swc. 57, 081. 

This ketone occurs naturally in lucerne (C. A. Jacobson, Jonra. Amer. Clu'.m. iV/c., 
1911 (33), 2048). 

® Ikrichle, 1882, 1713. Annal. de Chiut, ct de Phys.{Q), 27, 563. 

** For the occurrence of these ketones in the distillation prodinds of fatty acids, cp. 
Vol. 111. Chap. XV. Jahresbei. d. Vkemie, 1855, 515. 

1** Trans. A’cin Zealaiul Inst., 1911, 64, 270. 

” Jonrn. (Jhem. iSoc., 1911, 2290. 
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Butyric acid at the ordinary temperature ia a colourless liquid ; 
the pure freshly distilled acid smells like acetic acid ; its aqueous 
solution recalls the odour of rancid butter. It crystalli.ses at -19“ C, ; 
the crystals melt at - 6-5° C. {Scheij), - 7-9° C. corr. (Schneider). The 
acid boils under ordinary pressure at 162-3° C.,* under 768 mm. pressure 
at 163°-161° C. (Scheij). 

Konowahw determined the following boiling points for butyric 
acid solutioms, under 710 mm. pressure :— 


Iliityric Acid. 

Water. 

I Boiling Point. 

I’cr c(‘nt. 

! I’cr cent. 

“C. 

74-52 

2.5-48 

1 ■" 

1 98-44 

ijO-OO 

50 ()0 

i 98-9.5 

29-5)0 1 

1 

71-10 

1 99-97 

! 


G. Ityland ^ found that a mixture of 20 per cent water and 80 per 
cent of butyric acid under a jiressure of 763 mm. has the constant 
boiling point of 99°-9!l-5° C. ; in other words, the vapours have the 
■same composition as the boiling liquid, so that a butyric acid solution 
of the above compo,sition cannot be separated into its constituents by 
distillation. 

d'i„,o-958; d';;" 0. = 0-9590; d";|'''0.--=-0-8141; = 

1-39906 (Scheij^). 

Butyric acid is nii.scible with water, alcohol, and ether in all pro¬ 
portions. On ad(.lin<f calcium chloride or common salt to an acjueous 
solution, the acid separates in the form of oily drops. The aqueous 
solutions of butyj’ic acid have a sour, burning taste, and show an acid 
reaction to litmus and phenoljihthalein. Methylorange turns red in 
solutions of butyric acid free from butyrates (cp. p. 125). 

On distilling a dilute aqueous solution of butyric acid the whole 
of the acid passes over into tlie distillate with the water vapours. If 
the acid is to be recovered from a dilute solution, it is best to neutralise 
with caustic soda, concentrate by evapoi'ation, and then acidify with 
dilute sulphuric acid before distilling. 

On warming an alcoholic solution of butyric acid with concentrated 
sulphuric acid, ethylbutyrate is formed; thus the smallest quantity 
of butyric acid may be recognised by the pleasant pine-apple odour of 
tlie ethylester. In dilute solutions butyric acid is detected by neutralis¬ 
ing with caustic soda, evaporating to dryness, and warming the residue 
gently with alcohol and sulphiiiic acid. In oils and fats butyric acid 
is rapidly detected by treating with strong alcohol and an amount of 
caustic potash insufficient to effect complete saponification. (Quali¬ 
tative detection of butter fat.) Chromic acid oxidises butyric acid to 
acetic acid and carbon dioxide. Alkaline permanganate oxidises it 
completely to carbonic acid and water (cp. Chapter VI. “ Glycerol ”). 

Butyric acid is prepared on a considerable scale by fermentation of 

' With regard to a coiuleiisation product, formeil by distillation, see G. Albo, Arch. 
acicH. phya.f Geueve, 4 (12), 839. Amer. Chem. Jouni., 1899 (22), 384. 
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cheese. It is largely used in the preparation of its cthylester (for 
flavouring), and is employed as such in tanneries ^ as a de-liming agent. 

With the exception of the silver, mercurous, and lead salts, the 
metallic salts of butyric acid are easily soluble in water; the salts of 
the alkalis are deliquescent. 

Calcium hutyrate, CafC/H^Ogla + HjO, is remarkable in that its 
solubility in water decreases with the increase of temperature. At 
14° C. a saturated solution contains 1 part of the salt in ^ parts of 
water. On warming to 30° C. a precipitate is obtained ; and on boiling, 
the salt separates out, redissolving almost completely on cooling. The 
calcium salt is soluble in alcohol. 

Barium hutyrate, Ba(C 4 H 702)2 + 4 H 20 . 100 parts of water dissolve 
37*5 parts of the anhydrous salt at temperatures from 0 ° to 40° C., 
and 35*9 parts from 40° to 82° C. 100 parts of absolute alcoliol dissolve 
O’126 part of the anhydrous salt.^ 

Bilver hutyrate, AgC 4 H 702 , dissolves in 200 parts of water at 14° C. 
(.sec p. 152). It crystallises in needles or monoclinic prisms according 
to the (;onccntration. 

Methylester, (/®4=0*92006 ; boils at 102-3° C. under 760 mm. 

Ethyiester, solidifies at -80° C.; 0-89957 ; boils at 119-9° C. 

under 760 mm 

Isohulyric acid is stated by Enyelhardi to occur in Japan wax (cp 
Vol. II. Chap. XIV.). This statement would appear to stand in need 
of confirmation; indeed Tassily ^ is of the opinion that the volatile 
fatty acid is pclargonic acid. 

Valerio Acid, CgHiyOg 

Valeric acid is stated to occur as a glyceride—trivalcrin—in porpoise 
and dolphin oils, the blubber oils from Delphinus phoewna and Delphinus 
glohiceps. Chevreid discovered the acid (“ phocenic acid”) in 1817 
in dolphin oil (and in 1818 in the berries of Vihurmm opulus). The 
chemistry of the (dolphin oil) acid has not been investigated since then, 
and its occurrence in glycerides may be doubted. It is not unlikely 
Uiat “ valeric ” acid is a mixture of butyric and caproic acids. The 
physical constants given here for “ valeric ” acid are those recorded 
for the normal acid CH 3 .CH 2 .CH 2 .CH 2 .COOH. Some justification 
for this may be found in the fact that Marie obtained normal valeric 
acid on oxidising stearic acid (see p. 165). 

The odour of “ valeric ” acid resembles that of putrid cheese. ^ 

Normal valeric acid is a colourless liquid ; it boils at 186° to 186-4° C. 
under 760 mm., at 184° to 185° C. under 736 mm. It solidifies at 
-18° to -20°C.^; = 0-9577; 0-9415. It dissolves at 16° C. 

in 27 volumes of water; from this solution it is thrown up by calcium 
chloride. 

^ T. Salomon, (hlh'jitm, 1912, 284. 

^ Cp. Wilcox, /Voc. Hoc., 1895i 202. ® Les Mdtiires (iranses, 1911, 2285. 

^ M.assol (Jouni. Soc. Chem. hid., 1895, 828; Bull. Hoc. (Jhini. 13, 758) gives 
-68-5’C. 
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Methyiester, = 0-9097. Boiling point 127-3° C. 

Ethyl-ester, (i!®“0-894 ; at 20° C. = 0-8765. Boiling point 144-6° C. 

CArBOio Aoii),! CeUjgOa-CHg.CHa.CHg.CHa.CUg.COOH 

Caproic acid occurs, undoubtedly as a mixed glyceride, in butter fat 
(in which it was discovered by Chevreul in 1818), and in cocoa nut and 
palm nut oils. The acid is no longer miscible with water, although it 
is to some extent soluble in it; 100 (;.c. dissolve 0-882 grm. at 15° C. 
It melts at -8° C. {Scheij) and boils at 202°-203° C. at 770 mm. 
pressure, C. = 0-924 ; = 1-41635 {Scheij). Its odour is like 

that of sweat. 

Ammonium caproate, (NH4)CgHu02 {Wurfz; Falciola^). 

Calcmm caproate crystallises with 1 molecule of water in laminfo 
([CgHii02]2Ca + H20); 100 parts of water dissolve 4-4 parts of the 
anhydrous salt at 21°*22° 0. Barium caproate crystallises with 2 
molecules of water [(CjjHji 02 ) 2 Ba + 2 H 2 O]; 100 parts of water dissolve 
11-1 parts of the anhydrous salt at 10-5° G. Zinc caproate is precipitated 
as a crystalline powder of the composition (CgHji 02 ) 2 Zin-IlgO on 
pouring caproic acid into a zinc acetate solution. (Difference from 
butyric and valeric acids.) 100 parts of water dissolve 1-03 parts of 
the anhydrous salt at 34-5° C. 

Copper caproate ^ when dried in air forms a fine blue powder; on 
being heated from 110° to 120° 0. it suddenly turns gieeii and remains 
green on cooling. Metallic lead easily preci])itates metallic copper 
from a solution of copper caproate in 2 >yridine. 

Methykster, d®=0-9309. Boiling point 149-6° C. under 760 mm.; 
52°'53° C. under 15 mm. {Halhr and YoussouJianA). 

Ethylester, d**=0-8890; (t^-0-8732; d*^ = 0-8594. Boiling point 
165-5°-166° C. under 735-8 mm. 

Cai’rylio Acid, CgHi802 = Cn3.(CH2)g.C00H 

Capiylic acid occurs in butter fat {Lerch in 1844), and notably in 
cocoa nut and palm nut oils. This acid is just as characteristic of 
these two oils as is butyiic acid of butter fat, and is best prepared' 
from cocoa nut oil by fractionating its methylesters (Guerin). The 
acid is liquid at the ordinary temperature, and crystallises on cooling 
at 12° C. in laminae melting at 16-5° C.; it boils at 236°-237° C. under 
761 mm., and at 123-5°-124-3° 0, under 10 mm. d=0-9270 at 0° C.; 
d'^?'=0-9100; w'^ = l-42825. One part dissolves in 400 parts of 
boiling water; on cooling, the dissolved acid separates out almost 
completely. 100 c.c. of water at 15° C. hold in solution 0-079 grm. 
The acid has an intense odour of sweat. 

‘ This acid is frecpiently described as isobutylacetic acid (c-p. also Berichtt, 1907, 
2648). 

^ Oar..'^ chimica, 1910, ii. 435. 

* Kahleuberg, Jouru. phys. Chem., 1902 (6), C ; cp. also C. B. Gates, Journ. phys. 
Chm.., 1911 (16), 101. ^ Compt. rend., 1906 (143), 808. 
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Amjnonumi caprylate, (NH 4 )C 8 Hj 502 , melts between 70° and 85° C., 
and crystallises from benzene, on cooling. It is sparingly soluble 
in ether, carbon bisulphide, and carbon tetrachloride; very easily 
soluble in methyl alcohol, ethyl alcohol, and chloroform {Falciola ^). 

Barium caprylate, Ba(C 8 Hj 502 ) 2 , ciystallises in lamime; 100 parts 
of watei' dissolve 0’619 parts at 20° C. 

Lead capnilafe, (CoHicOaloPb, crystallises from alcohol in laminae 
melting at 83-5°-84-5° C. 

Copper caprylate, Cu(08Hj502)2, crystallises from alcohol in green 
laminae melting at 2()l°-26()° C. 

Biher salt, see p. 152. 

Melhylester, = 0-8942 ; = 0-887 ; solidifies at-40° to-41° C.; 

boils at 192°-194° 0. under 7G0 mm., 95° C. under 25 nini. {(imrin), 
83° C. under 15 mm. {Haller and Youssoujian). 

Ethylesfer, 0-8842; = 0-8730; solidifying point,-47° C. to 

- 48° 6.; boiling point, 207°-208° C. 

CAriuo Acid, C,qH2o 02=^CH3. (OHglg.OOOII 

Cupric acid occurs in the milk fats of the cow {Chevrenl) and the 
goat {Lerch), in the fat from Lindera Benzoin, in cocoa nut oil {Ooryey -), 
palm nut oil, and in coffee beriy oil. According to Pawknko^ elm 
seed oil (see Vol. 11. Chap. XIV.) fatty acids consist to tlie extent of 
50 per cent of capric a(-id. In wool yolk it occurs as a potassium salt. 

Capric acid crystallises in fine needles, melting at 31-3°-31-4° C. 
(KraffiA), and boiling at 268°-270° C. under 7fi0 mm. 199-5°- 

200° C. under 100 mm., 153°-154° C. under 13 mm. {Sclteij) ; 0-930 ; 

/^-^ = 0-8858; 1-1285.5. 

The acid is alniost insoluble in cold water; one part dissolves in 
about lOfX) parts of boiling water. The acid has a goat-like smell, 
which becomes more distinct at its melting point. 

The alkali caprates arc easily soluble in water. Barium caprale 
is nearly insoluble in cold water, very s[)aringly soluble in boiling 
water, from which it crystallises in lamina}. It is easily soluble in 
boiling alcohol. 

Methylester, boils at 223°-224° C. under 7G0 mm., and at 114° C. 
under 15 mm.; it solidifies at - 18° C. 

Ethylesfer, specific gravity 0-8G2 ; boiling point 243°-245° C. 

Lauric Acid, GAO , 

Lauric acid is found in considerable quantities in kusu oil, tangkallak 
fat,* dika fat,® and laurel oil.’ Cocoa nut oil,® palm nut oil, pichurim 

' Oazz. r.hiiniru, IlUO, ii. 435. “ LuMy's Anaalen, 1858 (G6), ZOO. 

C7fm. 1912 (43). * Baichte, 1882, G96 ; 1883, 1716, 

Lieidij’s Anmlen, 1870 (1.57), 264. 

" Oiuleinaiis, J'nim. f. prakt. C'Acw., 1860 [1], 81, 356; Lewkowilscli, Analyst, 
1905, 394. 

1 Mar.ssou, Liehiy's Annalm, 1842(41), 329; Krafft, Ikrichle, 1879 (12), 1665. 

® G6rg«y, Lithig'a Anvalen, 1848 (66), 303; Oudenuiis, Journ. f. prakt. Chan., 
1860 (81), 375 ; Gucriu, Bull. Boc. Chim., 1903, 29 [3], 1117. 
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bearia,^ the fat from Limdera Benzoin,^ sliea butter, and spermaceti (?) ^ 
also contain notable propoi tions of luurin. Kusu oil consists for the 
most part of the triglyceride of lauric acid. The fatty acid occurring 
in the nuts of the Californian bay tree, Vmhellularia californica, formerly 
described as umbellulic^ acid, is true lauric acid. The atdd is best 
prepared * from laurin obtained by reciystallising tangkallak fat fiora 
ether and saponifying that glyceride, or from cocoa nut oil by preparing 
the methylcsters of its mixed fatty acids and fractionating them.® 

At the ordinary teinperature the acid is solid; it crystallises from 
alcohol in needles melting at 43-6° C. Lauric acid is the first acid of 
the acetic series that cannot be distilled at ordinary pressure without 
undergoing (slight) decomposition. It boils at 225^^ C. under 100 mm., 
176°C. under 15 mm., 102'"C. uMwew. d'P C.- 0-883, C.=0-875, 

C.-0-8642; -0-8495 ; <^ = 1-42665 <= = 1-4236 


{Parfheil and Ferie). 

Lauric acid is slightly soluble in large quantities of boiling water; 
on distilling its aqueous solution it passes over to an appreciable extent 
witli the vapour.s. It has been repeatedly pointed out that lauric acid 
occupies an intermediate position between tlie soluble and the insoluble 
fatty acids. Tlie lanrates of the alkali inetal.s differ from the corre¬ 
sponding salts of the higlicr fatty acids in that they require large 
quantities of salt for salting out.” {Cocm nut waps, marine soaps, 
see Vol.lII. Chap. XV.) 

Ammonium iaurate, NH4Cj2H2302, melts at 75® 0. It is insoluble 
in cold water, forming therewith a foam, whilst very fine crystals 
separate. Absolute alcohol at 7® C. dissolves 4-8 per cent. It dissolves 
in methyl alcohol and crystallises from cold benzene; it is slightly soluble 
in ether and acetone {Fakiola'^). 

The solubilities in water and alcohol of a number of metallic salts 
of lauric acid, due to Oudemans, are given in the following table :— 


* Sth.-iiiH-r, Liebig's Anno!., IStti (.53), 390. 

- Casjmri, Amer, Vhem. Jmini., 1[>()2 (27). 291. 

^ Heiiitz, Joiini. f. prukt, Chnn., 1855 (OO), 

■* Slillniann aiul O’Neill, Journ. Sue. Chan, hid., 1883, 121. ('|>. second edition of 
tills work, p. 44. 

^ Cp. also Krad't, Berichte, 1879, lliS.'l. 

« Guerin, Bull. See. Chim., 1903 [3], 29, 1117. 

^ f/ass. chim., 1910, ii. 43.5. 


[Tablk 
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8»lt. 

Fonmila. 

ICKXt Farts of Water 
dissolve 

1000 Parts of Alcohol 
dissolve 

At the Boiling 
Foiut. 

At 16* C. 

At the Boiling 
Point. 

At 16“ C. 

Magijosimii laumte 

MsA,h-.111,0 

0-4]l 

0-230 

126-0 

15-25 

Calcium lauratc . 

CaAg + lIjO 

0-517 

0-039 

22-02 

0-719 

Strontiuin laurato. 

StAj + HoO 

0-360 

0-272 

3-59 

9-598 

Barium laurate . 

BaAg 

0-698 

0-054 

1-009 

0-187 

Zinc laurato . 

ZnAj + HoOf?) 

0-189 

0-103 

8-78 

0-134 

Lead laurato 

FbA, 

0-011 


2-35 

0-047 

Manganese laurat.' 

MnAa+arir^O 

0-401 

0-011 

3-82 

0-481 

Cobalt laurate 

CoAg + HgO 

0-376 

0-072 

18-01 

0'174 

Nickel laurate 

NiAg + HoO or 
allgO 

0-390 

0-197 

6-68 

0-640 

Cojiper laurato ’ . 

CuAg 

0-029 

0 023 

6-53 

0-775 

Silver laurate 

AgA 

0-10.5 

0-001 

0-284 

0-323 

Lithium laurate 2. 

LiA 

Cp. 

p. 139. 




Melhffleiifer, boils at C. under 15 mra. {Haller and Youseoujum ); 
148° C. under 18 mm. pre.s.suro {Guerin); meltinf; point,+ 6° C. 

Ethijksler, ; .solidifying point, -10° C. {Gorgey); boils 

at 269° C, under 760 mm. {Delffs ; in vacuo at 79° C. if the vapours 
have to rise 25 mm., and 101° C. if the vapours have to rise 65 mm.'* 

Ficocbrvlic Acid, 

Ficocerylic acid i.s the acid constituent of gondang wa.x; it melts 
at 57° C. The number of carbon atom.s being uneven,afre.sh examination 
of this acid would seem to be desirable ; all the more so as a normal 
tridecylic acid“ prepared from synthetical tridecylic alcohol melts 
at 40° C. 


Myristic Acid, C 14 H 2 JO 2 

This acid occurs in considerable quantities in all fats belonging 
to the “ Myristica Group” (see Vol. II. Chap. XIV.), and wa.s first 
discovered by Playfair in nutmeg butter.’ Indeed, the acid may be 
considered as characteristic of all those fats that are enumerated 
in Vol. II. under this natural group. From “ Virola fat ” * the tri- 

' The Roliihility of this salt in a number of solvents has been determiiied by C. B. 
Gate.s, Joum. pkys. (Jhem., 1911 (16), 101. 

2 Partheil and Ferie, Arch, d. I'karm., 1903, 64.'>. 

^ lAehiijs Annal. 92, 278. 

* Krafft, Vierichle, 1903, 4340 ; cp. also Rechenberg, Journ. f. prakt. Chem., 1909, 
(80). 475, and Kraflt, Journ. f. prakt. CAm., 1909 (80), 242. 

® Grcshotf and Sack, Rcc, d. trav. chiin. Pays-Jius, 1901, 65. 

** Rian, A/onat.di. /. Chem. 26, 89, 

’ Licfiiy’s Annal., 1841 (37), 152 ; cp. also Kratft, Jicrlchle, 1879 (12), 1669. 

® Tlioras and Mannicb, Ikr. d. d.pJuirn. (Jes., 1901, 264. 
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glyceride of the acid can be easily isolated, and “ Ochoco fat ” ^ (Vol. II. 
Chap. XIV.) has been shown by the author ^ to consist of practically 
pure myristin. The two last-named fats would therefore furnish the 
best raw material for the preparation of myristic acid. To a smaller 
extent myristic acid is found in dika fat,® cocoa nut and palm nut oils, 
lard, linseed oil, canari oil,^ quince oil, cod liver oil, sedge oil, arachis oil, 
butter fat, and the fat of cochineal.® It is also stated to occur as cetyl 
myristate in spermaceti and, in combination with unknown alcohols, 
in wool wax.® In very small quantities (0'04 per cent) it has also been 
found in the gall of oxen.’ 

Myristic acid crystallises in laminae melting at OS-S" C., and boiling 
at 250-5° C. under 100 mm., at 190-5° C. under 15 mm., and at 121°- 
122 ° C. in oocMO. d®;?: c. = 0-8022 ; d'lT C. =0-8584 ; n'i“ = 1-4.3075, 
= 1-4248. 

The acid is completely insoluble in water ; wlien boiled with water 
at the pressure of 760 mm., about 7-7 per cent of tlie acid is carried 
over with the water vapour; under a pressure of 38 mm. in a current 
of superheated steam at 168-5° C., the distillate contains 65-7 per cent 
of myristic acid. It dissolves with difficulty in cold alcohol and ether. 

Ainmonium myrisialey NH 4 Cj,jH.^ 702 , melts between 75° and 90° C. 
It is sparingly soluble in cold acetone, but easily soluble in warm 
acetone. It is very sparingly soluble in cold as also in warm carbon 
bisulphide. It dissolves in warm benzene, and chloroform ; it is slightly 
soluble in methyl alcohol, more soluble in ethyl alcohol, especially at a 
somewhat elevated temperature {Fakiola ®). 

Lithium myristate^ crystallises from alcohol in the form of small 
white scales. 100 c.e. of water dissolve at 18° C. 0*0235 grm., and 
at 25° C. 0*0234 grm. of the salt. 100 c.c. of alcohol of tlic specific 
gravity 0*797 dissolve at 18° C. 0*184 grm., and at 25° C. 0*22 grm. 

Lead myristate is more readily soluble in ether than are the palmitate 
and stearate. 

Barium myristate forms a crystalline powder, very sparingly soluble 
in water and alcohol. 

Methylester, boils at 167"-168° C. under 15 mm.; and at 295° C. 
under 751 mm.; melting point, 18° C. {Haller and Yomsoujian)}^ 

Lthylester, boils at 295° C. under ordinary pressure, and in vaCMO 
at 102° or 124° C., according as to whether the vapours have to rise 
25 mm. or 65 mm.; solidifies at 10*5°-11*5° C. Sparingly soluble in 
alcohol and ether, more readily soluble in petroleum cther.^^ 

IsocKTic Acid, ^15^30^2 

The glyceride of this acid was stated by Bouis to occur in curcas 

‘ Uricoechea, Annul., 1854 (91), 369 ; Keimer aiul Will, fierichte, 188.5 (18), 

2011; Nonllinger, ibuL, 1885 (18), 2617. “ Lewkowitscli, .intfli/.U, 1903, 313. 

Oudemans, Jonm../. prakt, (Jkem., 1860 (81), 356 ; 1866 (99), 409. 

^ See Vol. 11. Chap. XIV. “Canaii Oil.” ® Licbcrnianii, Berirlitc, 1885, 1982. 

® Darrastnedter an<l I-iifsoHiitz, ibut, 1896 (29), 618 ; 1898 (31), 97. 

’ liaasar-Cohn, ibid., 1892 (25), 1829. ® (Jazz, chim., 1910, il. 435. 

* Partheil and Ferie, Arch. d. Pharvi., 1903, 545. 

Cp. also Bull, Bcrichtf., 1906, 3572. " Krafft, ibid., 1903, 4340. 
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oil (Vol. II. Chap. XIV.). The acid crystallises in lamina), having 
the melting point 55° C. In view of the uneven number of carbon 
atoms its existence is doubtful. 

Okada ^ states that he obtained isoectio acid from Japan fish oil. 
In his opinion the isoeetic acid differs from an acid of the same melting 
point as isolated from a mixture of palmitic and stearic acids, by its 
crystalline form. This statement stands greatly in need of confirmation. 

Palmitio A(’ii), 01 ^ 113.202 

Palmitic acid oc<niis in most vegetable and animal fats, notably 
in large quantities in palm oil, from which it was fii.st isolated in a pure 
state,^ in Chinese vegetable tallow,^ Japan wax,'* and myrtle wax.® 
It occurs also in spermaceti ® as cetyl palmitate, in beeswax ^ a.s myricyl 
palmitate, and in opium wax as ceiyl palmitate. 

The artificial preparation of palmitic acid from oleic acid by melting 
the latter with caustic alkali seemed at one time to be important frotii 
a commercial ® point of view. The reaction is generally stated to take 
place according to the following equation :— 

(-'i8t*3,Oa + 2KOH KCdl,iO^ t IL, 

but it should be noted that, be.sides considerable f|uantit.ies of acetic 
acid, Varrfiiiimi))) found, as a by-j)roduct, oxalic acid in small (piantifios, 
whereas Edmed ® states that oxalic acid is formed to a greater extent 
than acetic acid, the latter being obtained in exiretmdy small (juantities. 
Petroselinic acid also (see below, p. 193) yields palmitic and acetic acids 
by the same reaction. 

Pure palmitic acid forms tufts of finely crystallised needles; the 
melted acid solidifies on cooling to a nacreous, scaly, crystalline mass. 
The acid is fiee from smell or ta.ste, and melts at 02 62° C. The solidify¬ 
ing point of a carefully purified sp(!cimen is givcui by de as 

62-G18° C. It boils between 339° and 356° 0. with slight decomposition ; 
it distils unchanged under a pressure of 100 mn\. at 271*5° 0., under 
15 mm. at 215° C., and vacuo at 138°-i39'’ C. 0. ^0-8527 ; 
.i“-C. = 0-8«2; Ji'l;-'-1-4281, <’ = l-42()!)3, h‘»- 1-4324 (IhiUan). 

Palmitic acid is not readily soluble in cold alcohol; 1(X) c.c. of 
(methylated) alcoliol of the sf>ecific gravity 0-8183 (containing 94*4 per 
cent of ethyl alcohol by volume), after having been kej)t at 0° 0. for 
the number of hours stated in the following table, held the following 
([uantities in solution {Hehner and Mitchell “):— 

‘ C'kem. Zeil., 1908, 1199. Freniy, Liebuj's AmuiL, 1840 (36), 44. 

^ M.vskelyne, Jonnuf. prakl. Ohe,M., 18.65 (65), 287. 

* Sthamc.r, LidrUj'x AnnaL, 1842 (43), 335 ; Knallt, lierichtc, 1888 (21), 2205 ; Hell 
ami Jonlanow, ihUL, 1891 (24), 938. 

® Chittenden and Hmitli, Amer. (Jhm. Juaru., 1884 (8), 217. 

^ Heintz, Journ./. 2 a' 0 -kt. ('hem., 1855 (66), 19. 

Brodie, Liebig's Antuil., 1849 (71), 151 ; Nufzgcr, iHul., 1884 (224), 251. 

'' Lewkowitsclj, Joum. Sue. (Jheni. Jnd., 1897, 390. 

^ J"uni. ('hem. Soc., 1898, 633. 

Rec. d. trae. chim. Pays-ikis, 1898, 182; 316. ” Analyst, 1896, 323. 
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Hours. 

Onus. 

12 

1-208-1-320 

3(5 

1-244 

60 

1-211 

84 

M;54 

108 

1-086 

132 

1-044 

156 

1-028 


Krciss and Hafner} liowever, found that 100 c.c. of alcohol, containing 
95 per cent by volume, retain in solution at 0° 0. 0-5G gnu. only. 

The solubility of palmitic acid in alcohol of various strengtiis and at 
different temperatures has been ascertained hy Falciola^ as follows :— 


in 100 e.c. 



•arc. 

3(r 

L’O'C. 

10 C 

Ahsoluto Alcohol . 

31-9 


9-2 

i 

2-8 

7.5 ])<T cent Alcohol 

:?-.59 

I-IU 

O-Cl 

0-21 

.50 |K‘i* ceiif. Alcoliol 

o;{i 

0-12 

0-0!) 

, 0-0.5 


100 parts of abisolute alcohol dissolve, at 19-5^ C., 9-32 ]>iuts only. 

R. F. RuUan ^ ascertained the following solubilities in absolute 
alcoliol:— 


at ■ C. 

(inns. 

0 

1-4.5 

.f) 

2-0 

10 

40 

1.5 

6-5 

20 

9-9 

25 

16-8 

28 

29-0 

36 

81-0 


In boiling alcohol }>alniitic acid dissolves very readily; therefore 
alcoliol is conveniently used for purifying the acid, retroleum ether 
does not dissolve it very readily. 

Palmitic acid dissolves in concentrated sulphuric acid ; on diluting 
this solution with water, palmitic acid separates unchanged. Boiling 
concentrated nitric acid attacks it very slowly. On oxidation in 
alkaline solution with potassium permanganate, aceths butyric, oaproiis 
oxalic, succinic, and adipic acids, as also acids having the (composition 
CjHgOj and (\fiH 32 O 4 are formed. Concentrated solutions of per- 


^ ISerirJUe, 1903. 2769. “ (’’nzz. c/im., 1010 (-10), 217. 

•' KUihth Inknuilimal Con'j-resn of Applied C/icinishy, vol. 25, i>. 3-11. 
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manganate yield lower members of the fatty acid series than do dilute 
solutions. 

The metallic salts of palmitic acid resemble closely those of stearic 
acid (see p. 165), but they are somewhat more soluble. The behaviour 
of sodium pahniiatem\:h\\Sii&t\iQ,si been described above (p.l27). 100 c.c. 
of 95 per cent alcohol dissolve T136 grms. of ’potassium palmitaie at 
22*^ C. {Geitel and v. d. Want ^). Lithium palmitate ^ crystallises from 
hot alcohol in small white shining scales. 100 c.c. of water dissolve at 
18‘^ C. 0-011 grni., and at 25° C. 0-018 grra. 100 c.c. of alcohol of the 
specific gravity 0-797 dissolve at 18° C. 0-0796 grm., and at 25° C. 
0-0955 grin. The solubilities of the rnmnonium salt in alcohol, ether, 
and acetone have been given above (p. 140). (Silver palmitate can 
be obtained in a crystalline form by adding an alcoholic solution 
of silver nitrate to an alcoholic solution of ammonium palmitate; 
silver palmitate separates from the solution in the shape of small, 
lustrous laminae. Lead palmitate is almost insoluble in absolute ether 
and petroleum ether ; 50 c.c. of the former dissolve 0-0092 gvm. of the 
lead salt (cp. p. 142). 

Copper palmitaie forms a fine blue powder, melting above 100° C. 
without (apparent) decomposition. On boiling a toluene solution of 
this palmitate for two hours with lead, copper is ])recipitated.® 

The solubilities in absolute alcohol of other jialmitates are given in 
the following table :— 


100 Parts of AliHoInto Alcohol rlissoh o 

Calcium palmitate. 

Barium palmitate ...... 

Magnesium palmitate. 

Lead palmitate. 

Lead palmitate, freshly precipitated. 

at 20* C. 
0-0103 parts 
0-0035 ,, 

0-0U6 „ 

at 19“ C. 

0-0007 „ 

at 21“ C. 
0“0033 „ 

at twiling point. 

0-0128 parts 
0-0197 


The quantitative determination of palmitic acid in palmitatos is 
effected by decomposing their solutions with hydrochloric acid, washing 
the separated acid witli water, dissolving it in (absolute alcohol or) 
ether, evaporating the solution to dryness, and finally drying in a 
desiccator over sulphuric acid. The acid cannot be determined with 
accuracy by weighing its calcium or barium salt (cp. p. 141). 

Melhylesier, boils at 196° C. under 15 mm. pressure {Haller and 
Youssoujian) ; melting point 28° C. (Berthelot). 

Ethylestery boiling point in vacuo : 122° or 138° C., according as to 
whether the vapours have to rise 25 mm. or 65 mm. {Krafft*} ; under 
10 mm. pressure the ester boils at 184-5°-185-5° C. without decomposition 
{Holzmann^); melting point 24-2° C. (//e»i/2:). 

’ For thti use of potjissiiim palmitate in water ajialyj^is, cp. Blacher, Griinlwrg, and 
Ki.s.sa. Cheiii. Zc-U., 1913, 56. ® Partlieil mid Ferie, Arch. d. Dta-nn., 1903, 545. 

^ Cl). Kahleniicrg, Jonrn. phys. dhtm-, 1902 (6), 6 ; C. B. Oates, ibid., 1911 (15), 
101. * licrkhte, 1903, 4340. 

^ Arch. d. Pharm. 236, 440. 
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Datubic Acid, C„Ha402 

In the older literature on fatty acids “ margaric acid ” of the 
formula CjjHgjOg was described and considered to represent a chemical 
individual. (The term “ margarine ” given to butter substitutes has 
been derived from “margaric” acid.) Heiute,' however, found that 
“ margaric ” acid represented that mixture of palmitic and stearic 
acids which has been described above as a eutectic mixture. 

An acid of the formula Cj 7 H 3402 which he found in Datura oil 
was described by Gerard^ as daturic acid. Holde^ also claimed to 
have found this acid. Later on, however, he showed * that this daturic 
acid represented a mixture of several acids. The .same was thought 
to hold good of a heptadecyclic acid, which Nordlinger ^ stated to occur, 
to the extent of 1 per cent, amongst the solid fatty acids of palm oil. 
This acid melted at 57° C. and boiled between 223° and 225° C. under 
a pressure of 16 mm.; its magnesium salt crystallised in microscopic 
needles, melting at 135°-140° C. Holde claimed that this acid is a 
mixture of several solid acids, from which an acid of the melting point 
of (i8°-68-5° and molecular weight 288 was isolated. Kreis and Hafner ^ 
stated to have found a hcptadecylic acid in lard. Bonier,'’ however, 
proved that lard contains no hcptadecylic acid. 

A beptadecjlic acid of the formula Ci,H 3402 was prepared synthetic¬ 
ally by Krajjt, and the name “ margaric acid ” was assigned to it. 
This acid melts at 59-3° C. and boils under a pressure of lOf) mm. at 
227° C.» 

This synthetical margaric acid was considered, in the light of the 
above-stated investigations to differ from the acid described by Gerard, 
until H. Meyer and A. Eckert ® claimed to have found in coffeelnury oil 
one to one and a half per cent of an acid having the formula 
and melting at 57° C., the magnesium salt of which melted at 137°- 
142° C. and the methylester at 30° C. 

Recently Meyer and Beer *** isolated, from datura oil itself, a hepta- 
decylic acid which thej' found to be identical with Kraffl’s synthetical 
margaric acid. Therefore the existence of daturic acid must be taken 
as proved. 

Daturic acid melts at 59-5° C.; it dissolves more easily in alcohol 
than palmitic acid. The melting point of mixtures of palmitic, and 
daturic acids has been given above. It would appear from the table 
given there, that the earlier observers had to deal with mixtures of 
daturic and palmitic acids. In order to prove the identity of daturic 
acid with synthetical margaric acid, Meyer and Beer examined the 

‘ Joum.f. Chem,., 1855 (06), 1; Pogijcnd. AnnaL, 1852 (87), 658. 

* (Jomitt. rf/id.y 1890 (111)< 805; AmiaL de Chim. ei de Phys.., 1892 (6), 27, 649. 

* Mitt, d, Koniyl. Techti, Versmhsaniit., 1902, 60. 

* lierir.htey 1906 (38), 1247. 

* Zeilfi. f. anyew. C'Am., 1892, 110. ® DencMe, 1903, 2770 ; 1905, 1251. 

Zdts. f. UnUrs. d. J\^ahrys' «. (Jenussm., 1913 (23), 642. 

® Cp. also Le Sueiir, Journ. Chenu Soc., 1904, 827 ; 1905, 1891. 

“ Monaish./. Chevi., 1910 (31), 1238. 

Kaiserl. Akad. U. IVisseiisck^ten, Wien, January, 1912. 
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melting points of mixtures of synthetical margaric acid and palmitic 
acid. Their observations are reproduced in the following table :— 


Mars.'iric Acid. 

Palmitic Acid. 

SleltiiiK puinL. 

fur cent. 

Pit cent. 

' 0. 

100 

0 

50-5 

83-7 

It)-3 

55 .5(1 

72-0 

28-0 

54-.5.5<i 

6:m 

300 

54-5-r).5r) 

500 

50-0 

50 -.57-5 

30-8 

(>((•2 

5H-5-.50-5 

20-0 

800 

50-.5'00 


100 

02 


It will be seen tliat this table is practically idcnti(‘al willi the one 
given above. 

Muier (ukI Limprich^ tecontly ])ieparecl .synthetical heptadecylic 
acid by Krnfft's method, and found it to agree fully, in all its propertii^s, 
with the datui'ic acid and tlu^ syntbetical tnargaiic acid de.scribe<l above. 
100 c.c. of absolute alcolud dis.solve at 0'^ 1-l.b gnus., and at 15° C. 
3-‘lH grins. 

A “ margaric acid ” was also prepared from cetyl iodide, using 
GrujHard's reaction (cp. Vol. IIT. p. 1) l>y R. F. RuUan? This margaric 
is identical with the above-descrihed margaric acid, for it melted at 
5!)-9°-0O" C. and ,solidili(!d at 08*8° C. ; fP-0-8532; <’-M3‘t2. 
Boiling point, under 100 mm. ])ressiire 227° 0. 100 gnus, of absolute 
alcohol dissolve at 0° 0. 1’53 grm.s., at 0. 2A2 gnus., at 10° V. ■l']2 
gnus., at 1-5° C. (>'72 gvms., at 21° C. 13'4 gnus., and at 28° C. 32'I-1 gnus. 

A Dinwiiiii'iii warf/arafe crystalli.ses in liglit haathery transparent 
crosses. 

Silrer iHarpamte is obtained from the ammonium salt by proci))ita- 
tion (in the dai'k) with silver nitrate in the form of fine white, stiiated 
prisms. 

The fdkiidn, barinm, /aaf/ac.s/ain, and lend, salts are insoluble in 
\rater and undergo partial liydrolysis. 

Zinc margnrate crystallises from boiling benzene in micros(;opic 
spheres and melts at 120-G° 0. 

Mcll/iflcfiler, melt.s at .30° 0. 

Flhyirslar, melts at 26-7° C. {Bmner mid Liinfinch); 27-5° C. 
{Rndmi). 

Sticauk; Acid,® Oj^If^gOg 

Stearic acid occurs abundantly in many vegetable and animal fats, 
especially in the liard ones, such as cacao butter, slica butter, and 
tallow. In smaller quantities stearic acid is found in some waxes, 
such a.s wool wax, and most likely in spermaceti. The higher the molting 
point of a fat tbo higlier is, as a rule, the proportion of .stearic acid it 

^ Zfih.f. Vul'-rs. d. iWi/r/v/.s- ?/. (.'ciiusm., 1912 (2;’), till. 

^ Klfihlh li)tcriiii.linn(d Connress of Appld’d Chemistry, vol. 2.'!, p. 341. 

•' 1'lu: existence of iiii isonn-ric Hteiiric aciil — isostesiric ;ici<l (t' 4 lIi,) 2 Cl](CIl 2 )a* 
CH.j(.'HClI.,COOH—lias bis-ti conjectured by Kunz-Krausc and Miussute. 
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contains. Stearic acid can be obtained synthetically by the reduction 
of unsaturated acids containing an open chain of 18 carbon atoms (oleic, 
linolic, linolenic, ciupaiiodonic, also stearolic) by means of liydrogen 
in the presence of a suitable catalyst, such as nickel or palladium. 
(With regard to chaulmoogric acid, see p. 205.) 

Pure stearic acid forms white, nacreous laminae melting at 00-32° C. 
to a perfectly colourless liquid which, on cooling, solidifies at 69-3° C. 
to a crystalline tran-slucent mass. This melting point has been ascer¬ 
tained by de Vifiser for a very carefully purified specimen of acid (cp. 
p. 110 and p. 110). [Saytzeff gives the melting point 7l°-71-5° C.; 
Fritzweiler, who prepared ])ure stearic acid from cacao butter olcodi- 
stearin, 70° C.) The acid boils under ordinary pressure at about 
300° C. with slight decomposition ; under a partial vacuum it distils, 
however, unchanged {Chevreul). Under 100 nun. pressure it boils at 
291° C., undi^r 15 min. at 232° C., and in mcuo at 154-5°-155-5° 

The acid may also bo distilled in a current of superheated steam without 
undergoing destrindion. 

C. ^0-8451 ; C. ^^^0-8386. At 11° C. the specific gravity of 
stearic acid ocpials that of water ; at somewhat higher temperatures it 
floats on water, as it expands moi'e quickly than the latter. = 
1-43003, ?!';;'= ]-4322 {Ruiian). 

Like palmitic acid stearics acid has neither smell nor taste; it is 
greasy to the touch, and produces a grease-spot on paper. It is in¬ 
soluble in water Tn hot alcohol it dissolves easily ; it is less soluble 
in absolute alcohol than ]ialmiti(5 acid, one part of stearic acid rc(iuiring 
40 jiarts of alcohol. 100 c.e. of alcohol (methylated), of specific gravity 
0-8183 (containing 94-1 per cent of alcohol by volume), were stated 
by Ilehner and Mitchell^ to dissolve at 0° 0. 0-155 to 0-158 grm. 
after twelve hours’ standing, and 0-145 to 0-153 grm. after thirty-six 
hours’ .standing. These numbers liave been found to be too high by 
Kreis and liafner, as also by Emerson.^ Kreis and Ilafner state that 
100 c.e. of 9.5 per cent alcoliol .dissolve 0-1249 gram at 0° C. The 
numbers obtained by Emerson,* and set out in the following table, are 
in good agreement with Kreis and Ilafner's observations :— 


Suliilnliif/ of Stearic Acid in Alcohol 


8|)ec-ilic Oravity of 
Alcoliol at 0“ C. 

Ajiproxiinate 
Sti'cii^'Ui o." Alcoliol 
by Volume. 

AiiJoiint of SLeartc 
A<*nl ilissolvoii in 

100 C.C. at 0” (J. 


Per cent. 

Crm. 

0-826.10 

H.5-7 

0-1216 

0-S2715 

95-5 

0-1223 

0-.82,k71 

95-1 

0-1139 

0-8:5126 

91 *5 

0-1035 

0-8:5183 

<•1-3 

0-0996 


^ K. Fischer iiiul 0. Ifarries, Ikrkhie, 1902, 2162, ascertained the boiling p'oiiit 
158‘’*160'' under 0’25 mm. pressure (tempfiratiiro of bath 190“ C.). 

Ancilniii, 1896, 323. •' Joiim, Amcr. Chem. Soc., 1907, 1751. 

* Chcvi, Jieoiie, 1905, 108. 
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The discrepancies are explained as being due to supersaturation, 
which, according to Emerson, does not take place if in the preparation 
of saturated solutions no less than 0-7 grm. for 100 c.c. of alcohol, or 
0-5 for 50 c.c. of alcohol, are used. 

The autlior is able in some measure to confirm these observations, 
for a solution of stearic acid prepared with 3 grms. per litre of alcohol 
of specific gravity 0-818 at 15-5® C. contained per 100 c.c. at 0° C. 
0-0814 grm. of stearic acid, whereas when 7 grms. of stearic acid were 
used the solution was found to contain (in several preparations) 0-099, 
0-1008, 0-1082, 0-0856, 0-0810, 0-0882 grm. per 100 c.c. of alcohol at 
0° C. The solutions were allowed to stand in ice water over night, and 
after slinking in the morning remained in ice water for another half an 
hour before filtering. In one experiment, where the solution stood 
for three hours after shaking, 100 c.c. contained 0-0882 grm. 

Tlie solubility of stearic acid in alcohol of various strengths and at 
different temperatures has been ascertained by Falciola ^ as follows :— 

Gruis. in 100 c.c. 


i 

4l)' (J. 


L'U'C. 

j Ui"C. 

Absolut*' Alcohol . 

13-8 1 

4-.5 

20 

0-9 

75 j)Ci- cent Alcohol 

. ; 0-77 

()■:}!) 


0-1.5 

.50 jHU- cent Alcohol 

. : 0-12 ; 

0-l(t 

0-08 



It. F. a.scertained the following solubilities in absolute 

alcoliol:— 


loo Grins. ul‘ Absolut.*! .Mooiiol dissolve 


"C, 

<!rnis. 

0 

0-37 

5 

0-51 

JO 

1-1 

15 

10 

20 

2-5 

25 

4-9 

28 

♦i-0 

3() 

20-0 


Stearic acid dissolves easily in ether; at 23° C. 1 part of benzene 
dissolves 0-22 part and 1 part of carbon bisulphide dissolves 0-3 part 
of the acid. Petroleum ether of .specific gravity 0-672 dissolves at 
0° C. only 0*4 per cent of stearic acid (CharitschJeoff). 

On oxidising stearic acid with potassium permanganate Carette 
obtained dibasic acids (succinic, adipic). Marie^ found amongst the 

1 Gazz. cMm., 1910 (40), 217. 

liighlk [nlernaiioval <Jv)i<iTesn of Applied Gkeviistry, vol. 25, p. 341. 

Journ. ^>c. Chem. hid., 1896, 362. 
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products of oxidation ndrmal valeric acid {not isovaleric acid, contrary 
to previous statements ^). By oxidation with liydrogon peroxide 
Dakin obtained quindecylmethylketone (cp. p. lid). 

On heating stearic acid with one-tentli of its weight of silted cast- 
iron turnings to 280° C. stearone is formed (see p. 150). 

Potassium stearate, KCjgH^gOg, forms crystals having a greasy 
lustre ; they dissolve in 6-G parts of boiling alcohol. On dihiting the 
hot acpieous solution with a large proportion of water, pearly lamina' 
of an acid stearate, KCjgH^jOg. CjgH 3 < 502 , separate. The salt is insoluble 
in ether, petroleum ether, carbon bisulphide, and chloroform. (Differ¬ 
ence from potassium oloatc.) 

Sodium stearate, NaCjgHggO.^, lesembles closely the potas.siuni salt. 
In the crystalline state it forms lustrou.s lamin*. The acid salt has 
the formula NaC^gH-jgOg. 

Lithium stearate,^ LiCigHg^Oo, crystallisc.s from alcoliol in small 
white scales. 100 c.c. of water dissolve at 18° 0. 0-01 grin., and at 
25° C. 0-012 grm. 100 e.c. of alcohol of the specific gravity 0-797 
dissolve at 18° C. 0-011 grm., and at 25° C. 0-0532 grm. 

Ammonwm stearate, (NH4)0]gllgg02, loses part of its ammonia on 
being warmed in aqueous solution, and is converted into the aidd salt. 
The same change takes place when the ammonia soaj) is allowed to 
stand in a desiccator over concentrated sulphuric acid. The solubilities 
of the ammonium salt in alcohol, ether, and acetone liave been given 
above (p. 140), 

Calcium, strontium, and barium stearates form crystalline precipitates, 
practically insoluble in alcohol. The magnesium salt crystallises in 
microscojiical lamime; it is nearly insoluble in cold alcoliol, but 
sufficiently soluble in boiling alcohol to allow it to be crystallised from 
this menstruum. 

Silver, copper, and lead stenraies are amorphous. 

The had salt melts at 115°-11G° C. witliout undergoing decom¬ 
position. It is very sparingly soluble in ether (difference from oleic 
acid), and less still in j)etroleum ether {TwitcJiell) (see above p. 141). 
50 c.c. of absolute ether dissolve 0-0074 grm. of lead stearate (Lidoff). 
In hot benzene lead stearate dissolves, but separates aluiost completely 
on cooling to 8°-12° C. In absolute alcohol it is very sparingly soluble ; 
it is, however, more soluble in this menstruum than is lead palmitate 
{Salkowski). 

The insoluble salts of stearic acid are to some extent hydrolysed 
on washing with water. Thus barium stearate gives up to the water 
barium oxide, and free stearic acid (which can bo extracted with 
alcohol) remains behind with the undissociated residue. This should 
be noted with regard to tl\e quantitative determination of stearic acid 
(also of palmitic and oleic acids), as it has been proposed repeatedly 
to estimate stearic acid by weighing its calcium or barium salt. 

' Thts statement made by Fleureiit (Journ. Sac. Chem. Ind., 1898, 852), that stearic 
acid heated in thin layers at 120“ C. with free admission of air is converted into an inter¬ 
mediate liquid form (in the cold) before definitely assumijig the form of linoxyn, requires 
coniirniation. 

^ Vavtheil and Feric, Arch. d. Vharni., 1P03, 545. 
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Chittenden and Smith have shown that for accurate estimations the 
salts cannot be employed.^ As pointed out above for palmitic acid, 
the free acid must be separated and woi<fiied as such. 

Methylcster, boiling point, 214'’'215‘^ C.; melting point, 38° C. 
Dreijmann proposes to use this ester as a substitute for cacao butter 
and spermaceti, and also as a basis for ointments. 

Ethylester, boils in mcuo at 139° or 154° C., according to whether 
the vapours liave to rise 25 mm. or G5 mm.; ^ it melts at 36*7° C. 

Amylester, crystallises from hot alcohol in microscopic white plates, 
melting at 21° C. 

Di-ioilostearic acid, obtained by digesting ricinoleic acid with plios- 
phorous iodide and liydriodic acid (see p. 218), is an oily viscous liquid. 
{Ckonowsky ®). 

By treating this di-iodostearic acid with alcoholic potash an un¬ 
saturated acid is obtained which is isomeric with linolic acid. It 
differs from linolic acid in that it does not yield on oxidation with 
permanganate a tetrahydroxystearic acid, b\it resinous masses from 
which only azelaic acid could be isolated. With regard to the action 
of zinc oxide on di-iodostearic a< id, the original must be consulted. 

With regard to the commercial preparation of stearic acid and its 
uses,'* sec Vol. HI. Chap. XV. 

Araciiidio Acid, C2oIl4o^.)2 

Arachidic acid (discovered by Gosmnnn^) occuis in notable 
quantities in araebis oil,® in rambutan tallow (the fat from the seeds 
of Nephelimn lappaceim, in smaller <piantitics in ra])e oil,^ cacao 
butter,® macassar oil,*® elderberry oil, mix vomica fat, Niam fat, and 
butter fat. It also occurs in the fat of dermoid cysts. It has been 
obtained synthetically from a fatty acid ocmirring in giape seed oil 
(erucic acid ?) by lieating with melted caustic potash.** 

Arachidic. acid crystallises in small, lustrous scales, melting at 
77° C. {Bnezewttki^^). The acid is sparingly soluble in cold alcohol, 
but dissolves easily in boiling alcohol; if the boiling is prolonged, a 
small amount is converted into ethyl aracliidatc ;tlierefore, to avoid 

‘ C}), also RHuf'er, Arch./. J^lii/sioL, 19U2 (89), 211 ; FcikIUt and Frank, Zeits. f. 
angew. Chon., 1909, 258. 

^ Krairt, lierichSe, 1903, 4340 ; cp. also Erdmann and Bedford, Ikrichte, 1909,1327. 

3 BcrichU, 1909, 3342. 

^ For the uso of stearic acid in the .separation of rare eartli.s .sec C. W. Studdart and 
0. W. Hill, Jouiii. Amer. Chm. >Soc., 1911 (33), 1076. 

® Heinlz {PoggendorjJ's Annahn, 90, 146) <k‘»cribcd this acid as “Bntiiisiiure” 
(butinic acid). 

** Gdssnmnn, Liebig's Anna!., 18.54 (89), 1 ; Schweizer, Arch.d. Pharm., 1884 (222), 
757 ; Kreiling, Jkrichle, 1888 (21), 880. 

'• Ponzio, Journ.f. prakt. Chevu, 1893 (48), 487. 

« See Vol. n. Chnj). XIV. “Rape Oil.” « Tniul), Ikrichte, 1883 (16), 1103. 

Thiinmiel ami Kw.asnik, Arch, dec Phd'nn., 1891 (229), 188. 

The .statement made by Pickard anrl Yates {Proc. Chew. Coe., 1903 (19), 147), that 
arachidic jicid i.s obtained by the oxidation of chole.sterol, must he rcjectcil. Cp. Windaus, 
Arch. d. Pharm., 1908, 117 ; cp. also Journ. Chem-. Soc., 1908, 1680. 

18 Momtsh.f Chem-., 1896(17), 630. 

This behaviour has not been observed in the case of palmitic and stearic acids. 
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complications, the acid should only be boiled until it has just passed 
into solution. 100 parts of 90 per cent alcohol dissolve at 15^ 0. 
0-022 parts, and at 20" C. 0-045 parts of arachidic acid. Aracliidi(5 aei<l 
dissolvc.s readily in ether, chloroform, petroleum ether, and benzene. 

Tlie po(assiu7ii salt of arachidic acid can be olitained from its ah-oholic 
solution in crystals. The copper salt crystallises from alcoliol in Jieedlcs, 
the silver salt in prisms. 

Melhplcster, meltin;f point 54-5° (1. 

Ethylester, boiling point 284°-28()° 0. under 100 mm. ])rcssure; 
melting point, 50“ C. 


13E11ENJO Ann, C 22 H 4/)2 

Behenic acid occurs in ben (bchen) oil from the seeds of Moriiiya 
oleifera} Jt ha.s also been found in the fat from dadap seeds,- and in 
the oil contained in Calabar beans.^ It melts at 8()°-82° C., solidifies 
at 79°-76“ C.,‘* and boils under 60 mm. pressure at 306“ C. Synthetical 
behenic acid from erucic acid ^ melts at 83“-84“ C., and solidifies at 
79-77“ C. 

Behenic acid crystalli.ses in needles; it is less soluhle in alcohol 
than in eiJior. 100 parts of alcohol dissolve at 17° C. 0-102 ^rm., and 
100 parts of ether at 10“ C. 0-1922 grm. With regard to <-hloro- and 
bromo-derivatives of belionh^ acid, see D. }Yari)ihni)in}' 

Ethylester, melting point 48“'49“ C. {Voelckcr). 

Lionoc’Ertc Acjd, 

Lignoceric acid has been shown by Kreiliuy ’ to occur \n arachis oil, 
in association with arachidic acid. Lignoceric acid melts at 8()-r)° C.; the 
melted acid solidifies on cooling to a mass showing ladiatcd structure; 
on cooling it becomes brittle. The acid crystallises from alcohol in 
white flocks of silky lustre ; tliese become scaly and show nacreous 
lustre when [iressed between filter paper. Ligiioceri(^ acid is very 
sparingly soluble in cold alcohol, but dissolves readily in benzene, etlier, 
and carbon bisulphide. 

Lead liynoa'rate, insoluble in ether, sparingly soluble in absolute 
alcohol, but easily soluble in boiling benzene, melts at 117“ L. 

Copper Uynocerafe is very sparingly soluble in absolute alcohol and 
ether, but dissolves in liot benzene. 

Methykster, melting ])oint 56-5“-57“ C.; is stated to distil without 
undergoing decomposition. 

Ethylester, melting point 55“ C.; distils without undergoing de¬ 
composition at 305°-310“ 0. under a pressure of 15-20 mm. 

* Voekkur, lAeJnij'n Aiimd., 1818 (*>4), 31*2. Witli regard to its occiirreiico in mjiu 
oil (Rciiiier and Will, Ikrichte, 1887 (20), *2389), cji. Vol. II. Clia]i. XIV. “ Jlape Oil.” 

^ N. li. Cohen, (^/lemisch Weekblad, 1909, No. 41. 

* Salway, Jourii. Chen. Si)c., 1911, 2148. 

Joiirn.f. prakt. Chem., 1894 (49), 61. 

Talanzctr, ibid., 1896, (50); 71-73 ; cp. also de Wilde and Reycliler, Bull. Soc. 
Chim., 1889, I, 296 ; Stuhniaun ainl Langheiu, Jouru. /. prakt. Cbetn., 1890 (42), 328 ; 
Fileti and Poiizio, (iazz. Chim. 23, 392 ; 27, 298. 

^ hiairg. Dissert., 1903, Kimigsberg. ’ Kfeiliiig, lierichle, 1888 (21), 880. 
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Carnaubic Acid, C554H4g02 

This isoineride of ii^noceric acid, statod to occur as an ester (com¬ 
bined with higher alcohols ^), in carnauba wax, wool wax,^ and coffee 
wax,® probably represents a mixture of several acids> (Carnaubic 
acid is also stated to occur in “ carnabon,” a phosphatide isolated from 
the kidney (E. K. Dunham and G. A. Jacobson)} The author’s doubt 
as to its individuality is all the more justified as a “ carnaubyl alcohol ” 
(from which carnaubic acid is stated to have been obtained by oxidation 
with chromic acid in glacial acetic acid solution) has been shown to 
consist of a mixture of raelissyl alcohol and a hydrocarbon.® The 
following statements must therefore be accepted with reserve. The 
acid is sparingly soluble in cold methyl alcohol, but easily soluble in 
cold benzene, in boiling alcohol, ether, acetone, petroleum ether, and 
glacial aceti(^ acid. It melts at 72*5° C. [Sturcke], 74° C. {Meyer and 
Eckert), and solidifies at 6fi°-C7° C. 

The amwonium salt is stated to be insoluble in cold water and 
alcohol, but soluble in the hot. The potassium salt is said to be sparingly 
soluble in water and in cold alcohol, and to di.ssolve more easily at 
higher temperature.s. The lithium salt forms a white microcrystalline 
powder, melting at 215°-216° C. It is very sparingly soluble in water 
and in alcohol, even iii the hot. The lead salt melts at C.; 

it is soluble in toluene. 

Methylesler, melting point {54°-55° C. 

Ethjlester, melting point 49°-50° C. 

PlSANGOEIlVLIC AciD, C24H4g02 

This isoineride of lignocerie acid is stated to occur as an ester of 
pisangceryl alcohol in pisang wax. Its melting point is given as 71° C. 
The existence of this acid would seem to require confirmation. 

Ily;ENic Acid, 0251150^)2 (?) 

The glyceride of this acid has been stated^ to occur in the anal 
glandular pouches of the striped hyicna. The acid, which is stated 
to melt at 77°-78° C., is probably a mixture of several fatty acids. 
The calcium salt is stated to represent a crystalline powder, melting at 
85°-90° C. 

Cerotic Acid, CgoHggOg 

Cerotic acid® occurs in the free state in beeswax {Brodie), in carnauba 
wax {Berard ®), and in montan wax ^®). It ha.s been shown to be present 

' Stiii'cke, Lif-biij's Aniiat. 223, 306. 

^ Jonrn. iSoc. Chern. Ind., 1896, 460 ; lierichte, 29, 618 ; 2892 ; 31, 97. 

^ II. Meyer and A. Eckert, AfomUih./. Chtm., 1910 (31), 1233. 

* Riilitiianii, Zentraib. f. ['hysioL, 1905, 317. 

Zcils. phys. Chem., 1910 (64), 302. 

® M.atthc.s atid Sander, An-b. d. Pharin., 1907 (246), 169. 

^ Cariiis, Liebig’s Anml., 1864 (129), 168. 

*' T)ic aei<l wn« discovered by Joiui, wlio named it " derin." 

» Zeils.f. Ckm., 1868, 415. 

Th. Rigg, Transact. New Zealand Inst., 1911 (64), 270. 
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in inject (Chinese) wax,^ opium wax,^ and in wool wax,® in combination 
with ceryl alcohol, as ceryl cerotato. As a glyceride it is stated to 
occur in the fatty oil from AspidiumfiUx mas,* as also from other ferns.^ 

Crude cerotic acid is obtained by exhausting beeswax with boiling 
alcohol. It is a waxdike mass, melting between 78° and 82° C. On 
cooling it separates from its alcoholic solution (in thin, straight or 
curved needles) so completely in the course of a few hours, that the 
addition of water to the filtrate produces only a milky tuibidity but 
no precipitate. (Essential difference from palmitic and stearic acids.) 
Marie ® states that the crystals deposited from alcohol vary according 
to the purity of the acid, but in tlie opinion of H. Meyer and A. Eckert 
the conclusions are vitiated by the employment of alcohol for re- 
crystallisation. Pure cerotic acid crystallises from alcohol in stellate, 
microscopic needles, melting at 77*8° C. (corr.), from benzene in demse 
laminae, and from ether in tabular masses consisting of large aggregated 
needles. (If the acid contains neutral substances, the crystals deposited 
from alcohol form a gelatinous mass consisting of microscopic needles, 
and containing a large proportion of alcohol; if the impurity is melissic 
acid, short granular crystals separate.) In Rigg^s"^ opinion a cerotic 
acid which crystallises in needles must still be considered as impure, 
the criterion of purity being crystallisation in peaily scales (nacreous 
crystalline plates). d~^ C. "0-8359. 

On boiling with sodium carbonate or dilute aqueous caustic soda, 
the acid does not pass into solution; it dissolves, however, in boiling 
alcoholic potash. On cooling, the potassium cerotatc thus formed 
solidifies to a mucilaginous mass {Barfoed). 

Cerotic acid can be estimated voluinetrically in its alcoholic solution 
by titration with caustic potash, phenolphthalein being the indicator. 
Hy using this method® for the determination of the molecular weight 
(Chap. VIII.), the uncertainty which attached for a long time to the 
composition of cerotic acid has been definitely removed in favour of 
the formula CjjgHggOa. 

had thrown some doubts on the existence of an acid of 
the composition of cerotic acid; these doubts were, however, removed 
by Nafzger,**^ by Zatzek*^ and by Marie}^ Yet the ultimate composition 
of cerotic acid was not established with certainty by these chemists, 
as the elementary analyses of cerotic acid and its esters agreed with 
either of the formulae CggHggOj, or CggHgoOg.^® No definite information 
can be gained from ultimate analysis as the differences in the percentage 
compositions approximate closely to the errors of the analytical method 
itself, as a glance at the following table will show :— 


* Brotlie, Liebig's Annul., 1848 (67), 199. 

^ Buisiue, Bull. Soc. Ohivi., 1884 (42), 201. 

* Katz, Arcli. d. Pharm., 1898 (236), 660. 

® Blasdale, Joum. Amcr. Ghem. Soc., 1903 (25), 1151. 

^ Ann. de Chim. ei de Phys., 1896 (7), 145. 

Th. Rigg, Transact. New Zeataiul Inst., 1911 (64), 270. 
® Lewkowitsch, Proc. Ghem. Soc., 1890, 92. 

Liebig's Annul. 224, 266. 

** Joum. Soc. Ghem. Ind., 1894, 1207 ; 1896, 599. 


0. Hesse, Berichte, 1870 (3), 637. 


» Ikrkhte, 9, 278, 1688. 
” Berichte, 16, 2625. 
Ibid., 1896, 362. 
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c 

n 

0 


I’or c^'tit 




79-02 

13-17 

7-81 


78-80 

13-12 

8-08 


78-W 

13-09 

8-38 


In the case i)f tlio neutralisation values of tlic three acids, how'ever, 
the differences are larger than the errojvs inherent to the method,' as 
the following table shows :— 



Molecular Weii;lit. 

Neutralisation Value. 


410 

136-8 

. . . 

396 

141-7 


382 

]4f)'8 


Since JAUvkowitscli “ ascertained the neutrali.sation value of pure 
c(5rotic acid from beeswax to be and later on, tliat 

of eerotic acid from Chinese wax to be 141-1, the formula 02 ^ 1152^^2 
must be accepted as representing the true composition of cerotic acid. 

Sodiwii and potassium cerotates are easily soluble in boiling water. 

Maijnesiion cerolate melts at 171‘'-17(»‘’ C. A one per cent solution 
of pure (fcrotic acid in boiling alcohol gives no precipitate with mag¬ 
nesium acetate ; after cooling to bO"" C. the. salt .separates out. How¬ 
ever, if the cerotic acid contain melissic acid, an immediate precipitate 
is obtained. 

Lead cerofate is insoluble iji water, alcohol, and ether. It dissolves 
in hot benzene and crystallises from this solution in needles melting at 
112-5"-] 13-5" C. 

Methjlester melts at 60'' 0. {Nafzgcr), 62" C. (Marie ); the ester 
distils in vacuo without undergoing decoinposilioii. In the cold it is 
sparingly soluble in petroleum ether, methyl, a?id ethyl alcohol, but 
easily soluble in the hot. It is also easily soluble in ether, benzene 
and (chloroform.' 

EtJnjIesler, crystallises from alcohol in fine needles n»eltiug at 59"-60" 
(h ; 58-5"-59° C. (Rigg)- The ester distils in vacuo without undergoing 
decomposition; under a pre.ssurc of 14 mm. at 285" C‘. (Rigg) ; by 
distillation under atmosplieric pressure it is broken up into cerotic acid, 
ethylene, carbonic dioxide, a hydi’ocarbon and the ketone 

^ 53 ^^ 106 ^- 

Cerglester, see Chap. I. (p. 65). 

Montank! Acid, C^gHr^Og 

Montanic acid occurs in distilled moiitan wax, and was considered 
to be the acidic portion of a wax contained in the bitumen extracted 

» rroc. Chcvi. Soc., 1890, 92. 2 1897 (7), 309. 

/itila.f. aiti/. t'hfiii.., 1897, 360. 

■* Lipii and Kiilin, Jmrn. /. pruJU. C'hci/i., 1911 (86), 92. 
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from lignite (by means of volatile solvents) (Vol. III. Chap. XV. 
“ Montan Wax ”). Recently ' has shown tliat wliat liithei-to 
has been considered as montanic acid (having the fornnila Coylf^sOj) 
represents in reality a mixture of cerotic, montanic, and nielissic, acid-s. 

Pure montanic acid crystallises from acetic acid in colourless plates 
(pearly scales), melting at 83*^ C. (Crude montanic acid cry.stallises 
in needles.) It is soluble in hot alcohol and glacial acetic acid, but 
much more soluble in petroleum ether and ethyl at^eiatc; it is only 
slightly soluble in methyl alcohol (whereas cerotic acid is easily soluble 
and melissic acid is insoluble in this solvent). 

Metkylester, melts at 67°-67'5° C. [Rigy), Oti" C. (//. Rijan ami 
J. AJyar^). 

Elhylester, melts at GT C. {Ri'yy]^ 64-65” C. (//. Ryav a)Kl J. Alyar). 

The amide, anilide, and keione have been mentioned above (see 
p. 148). 


MRLis.sfC! Acid, 

JVhdissic acid occurs in the free state in bee.swjix.^ Receiitl)-, it has 
been found (Riyy to form a constituent of montan wax. It crystiil- 
lises in scales possessing silky lustre, and melting at 91” C. Ec/nvalb^ 
})repared from beeswax melissyl (myricyl) alcohol, a melissic acid 
crystallising from petroleum ether in small, fine needles, and melting 
at 88-5°-89” C. To this acid he ascribes the formula The 

melissic acid of the formula C;{(jllg 0 () 2 , obtained by Brodie,^ from melissyl 
alco]iol by heating with potash lime (see Chap. IX.) is more likely to 
represent true melissic acid. Tiiis acid is readily Soluble in warm 
alcohol, chloroform, carbon bisiilpliide, and j)etroleum ether, and 
sparingly soluble in ether and metiiyl alcohol. Melissic acid obtained 
by Malfhes and Bander by oxidising melissyl alcohol from laurel oil 
(see Vol. II. Chap. XIV. “ Ijaurel Oil ”) melts at 1)1” C. It appears 
very likely that the acid prepared by Bcfiwalb is identical with the acid 
The melissic acid found by Riyy to* be a constituent of 
mojitan wax orystaIlise.s in })early scales, melting at 88-5” C. 

Maynesiuni melissate forms a white })owdcr insoluble in alcohol, 
ether, and petroleum ether, soluble in hot chloroform, toluene, and 
benzene. From its solution in benzene it separates in the form of a 
jelly. In a ca))illary tube it conglulinates at 150” C., and molts at 
160” C. to a viscous traiispai-ent liquid, solidifying on cooling to a 
vitreous mass {Sckwalb^). 

Silver melmafe, prepared by dissolving melissic acid in 100 parts 
of alcohol, and adding a small excess of an alcoholic solution of silver 
nitrate, separates on cooling as an amorphous white powder. In a 
capillary tube it conglutinatos at 94° C., and turns black at 140° C. 

Lead melissate is insoluble in alcohol and ether, soluble in boiling 

^ Traumcl. New Zealand Inst., 1911 (64), 2/0. 

^ /Voc. Roy. Irish Acrut, 1913, 9/. 

® Nafzger, Liebiy's Annal., 1884 (224), 249 ; Marie, .In/j. de Chiw. el de Rhys., 1896 
(7), 198. * Lkhiijs Annul. 235. 135. ^ Ibid. 71, 149. 

® C}>, also Mattlies autl Sander, Arch, d. Pharm. 246, 172. 
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chloroform. It crystallises from toluene in needles melting at 118®- 
119® C. (Sturcke^). 

Methylester, melting point 74*5® C. (Marie). 
lUhylesteTy melting point 73® C. (Pieverling 
Myricylester (see Chap. I. p. 6G}. 

PSYLLOSTEARYLIC AciD, CggllggOg 

This acid is stated to occur in Psylla wax combined with psyllo- 
stearylic alcohol.® It is easily soluble in alcohol, less soluble in 
petroleum ether and in common ether. The crystallised acid melts 
at 94®-95® C. The formula given by Sundwick would seem to require 
confirmation. 


II.— Acids of the Oleic Series, 1-2^2 

The naturally occurring acids belonging to the oleic (or acrylic 
series; from acrylic acid,its lowest member)are unsaturated frompounds, 
and are therefore capable of absorbing hydrogen, clilorine, bromine, 
iodine, and the hydrogen acids of the halogens. Thus they can be 
converted into acids or derivatives of acid.s of the acetic series. It 
should be noted that, whereas halogens and their hydrogen acids are 
readily assimilated, hydrogen is not taken up by the higher members 
of this series when they are acted upon with sodium amalgam in alkaline 
solution, or with nascent hydrogen—evolved by any other method— 
under pressure. They assimilate hydrogen only when the latter acts 
in the presence of a catalyst. Under suitable conditions complete 
reduction to a saturated acid takes place. Reduction of the unsaturated 
acid with the aid of hydrogen also occurs under the influence of silent 
electrical discharges. In the latter event, however, the reduction 
doe.s not reach completion. Nor is complete reduction obtained by 
heating with phosphorus and fuming hydriodic acid under pressure at 
temperatures at which formation of hydrocarbons does not take place. 
Ozone is easily assimilated with the formation of ozonides and per- 
ozonides (see “ Oleic Acid,” p. 183). 

The lower members of this series are miscible with water in every 
proportion. With the increase of the number of carbon atoms the 
solubility in water decreases. The specific gravities also decrease. 
The lower members can be distilled without undergoing decomposition ; 
but the higher acids cannot be so distilled under ordinary pressure. 
However, in a current of superheated steam or in vacuo they pass 
over unchanged (cp. p. 119). 

The unsaturated acids are more readily soluble in alcohol than 
the saturated acids having the same number of carbon atoms. 

Some of the higher acids, notably oleic and erucic acids, are changed 
into crystallisable isomerides when treated with a small quantity of 

‘ Liebig’s Annal. 223, 298. ^ ML 183, 365. 

'* Smidwick, Zeits. f. physiol. Chm., 1901 (32), 365. 
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nitrous acid at the ordinary temperature, or with sulphurous acid or 
bisulphites at high temperatures‘and under pressure. Under certain 
conditions of catalytic reduction with hydrogen, especially with copper 
as the catalyst, oleic acid is converted into a solid isomeride {Lew- 
komisch ^). 

By oxidation with a dilute solution of potassium permanganate 
in alkaline solution, the \msaturated acids are converted into the 
corresponding hydroxylatcd acids (see p. 224). 

When melted with caustic alkalis they are broken up into two 
lower acids; thus oleic acid yields palmitic^ and acetic acids (cp., 
however, p, 158). The opinion held previously, that the cleavage occurs 
at the place which the doubly linked carbon atoms occupy, must be 
abandoned (see “ Constitutional Formula of Oleic Acid ”), and for it 
must be substituted the view that during the reaction a migration of 
the double-linkage takes place. This is also evidenced by the fact 
that pctroselinic acid also yields acetic and palmitic acids with melted 
caustic potasli. 

According to the position of the doubly linked carbon atoms in 
the molecule of the higher acids of this series, a considerable number 
of isomerides, apart from geometrical isomerides (such as elaidic and 
brassidic acids), is theoretically possible (see below). In this treatise, 
acids which do not occur in nature are left out of detailed consideration, 
hence such isomeric oleic acids as a-/3 oleic acid can only be referred to 
in passing. It should, however, be pointed out that recently Ponzio 
and Gastaldi^ have shown that whereas ordinary oleic acid absorbs 
the theoretical amount of iodine, 2,3 oleic acid, which has the double 
Unking between the a and carbon atoms, absorbs under the ordinary 
conditions of tlie iodine absorption tost (see Chap. VI.) only 3 to 18 
per cent of iodine (as against the theoretical 90 per cent). Only by 
prolonged action of the Wijs' iodine solution, numbers approaching 
the theoretical values were obtained. 

It must, however, be distinctly understood that it would be alto¬ 
gether premature to generalise from this observation, all the more so 
as petroselinic acid, which is a 6,7 oleic acid, absorbs readily the 
theoretical amount of iodine in Hull's test. 

Hitherto four isomeric acids of the composition CigH3Q02, as also 
five isomeric “ oleic ” acids, liave been found to occur in nature. More¬ 
over, indications have been obtained as to the existence of several 
other “ oleic ” acids in commercial products of the fat and oil industries. 
The acids of the composition C 22 H 42 ^ 2 » which erucic acid belongs, 
simulate oleic acid completely. 

For the determination of the chemical constitution of the higher 
acids, that is to say, for the determination of the position of the doubly 
linked carbon atoms within the molecule, the following three methods 
have hitherto been employed :— 

(1) Conversion of the unsaturated acids into acids of the stearolic 
series ” (see p, 234) by heating the dibromides of the saturated acids 

^ Unpublished obsev?atiou. ^ Varontrapp, Liebig's AnnaL, 1840 (35), 209, 

® Oazz. chim. ital., 1^2 (42), 98. 
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with alcoholic potash under pressure. Taking, as an example, ordinary 
oleic acid, CH 3 .( 0112 ) 7 .CH = CH(CH 2 ) 7 .COOH, its dibroniide yields 
a stearolic acid of the formula CH 3 (CH 2 ) 7 C = C(CH 2 ) 7 COOH. By 
treatment with concentrated sulphuric acid this stearolic acid is con¬ 
verted into the keto-acid : CH 3 .(CH 2 ) 7 CO-CH 2 .(CH 2 ) 7 .COOII, which 
furnishes with hydroxylamine hydrochloride two stereo-isomeric 
oximes, viz.: CH 3 (CH 2 ) 7 C-CH 2 (CH 2 ),COOH and 0113 .( 0112 ) 7 . 

OH.N 

C-OHj.( 01 X 2 ) 7 . 00011 . These, in their turn, are converted by 
N.OII 

concentrated sulphuric acid into the two amino-acids: CHg( 0 H 2 ) 7 . 

NH.CO. 0112 ( 0112 ) 7 .COOHandCH 3 .(CH 2 ) 7 .CO.NH.CH2(CH2)7C00H. 

On heating the latter with concentrated hydrochloric acid, nonylic 
and azelaic acids arc obtained, wherefrom the conclusion may be 
drawn that tlie double bond in ordinary oleic acid is to be found between 
the ninth and tenth carbon atom of the chain. 

(2) Conversion of the unsalurated acids into their ozomdes. —For the 
preparation of tlie ozonides ^ a weighed quantity of unsaturated fatty 
acids is dissolved in hexane, and a current of ozonised air (which need 
not contain more than 2 per cent of ozone) is passed through the 
solution at a temperature of - 2^^ C., until no more ozone is absorbed. 
The solvent is tlien evaporated off in vacuo, at a temperature not 
exceeding 30"^ 0., until the weight remains constant. The increase in 
weight over the original fatty acid furnishes the amount of ozone 
absorbed by the fatty acid. If cliloroform be used as a solvent pero- 
zonides are obtained (cp. p. 183). 

On boiling the ozonides with water or alkali or glacial acetic acid, 
they are split into aldehydes of a saturated acid and semi-aldehydes of 
dibasic acids. Thus, oleic acid ozonide yields uonyl aldehyde and the 
semi-aldehyde of azelaic acid. The conclu.sion may be drawn, there¬ 
from, that the double linkage in oleic acid occurs between the ninth 
and tenth carbon atom. It must, however, be pointed out that the 
assumption is made here that the aldehydes formed are primary 
decomposition ])roducts; for the possibility must not be lost sight of 
that at first labile aldehydes or aldehydo-acids may be formed which 
are further decomposed with the formation of lower aldehydes (cp. 

Oleic Acid,” p. 184, “ Elaeostearic Acid,” p. 201, and “ Linolenic 
Acid,” p. 206). 

(3) Conversion of unsaturated fatly acids into nitrogen tefroxide addi¬ 
tion products} —The nitrogen tetroxide addition products arc prepared 
by dissolving the unsaturated fatty acids in 5 to 6 volumes of petroleum 
ether and cooling in ice. In case the substance separates out, the 
Ibpiid is well stirred, so that separation in the form of very minute 
crystals take.s place, which do not influence unfavourably the progress 

^ Harries and Tiirk, llerichte, 1906, 2844 ; 3667 ; cp. also Erclmanu, Jkrichle, 
1909, 1334. 

2 Jegorow, Journ.f. prakt. Chm., 1912 (86), 621. The method wa-s lirst published 
ill Journ. lbi$s. Chem. Soc., 1903 (36), 716. 
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of the reaction. As soon as the solution has cooled to 3°-4° C., 
the dry liquid nitrogen totroxido (kept in sealed glass tubes) is added 
in a quantity slightly exceeding the theoretical quantity. The tetroxide 
is beat previously dissolved in petroleum ether cooled in ice, and the 
solution is added in small quantities to the petroleum ether solution 
of the unsatui'ated substances. Immediately after adding the first 
portion, as a rule, no reaction takes place, but after a short time the 
temperature rises, so that .subsequent portions must not be added, 
before the temperature falls ag.ain to 5''-6° ().; otherwise the petroleum 
ether begins to boil and the contents of the flask may become spontane¬ 
ously ignited. After the whole amount of tetroxide has been added, 
the product is kept in ice overnight, and the aildition product, generally 
representing a vi.scous oil, i.s drawn off by means of a pipette and heated 
in a sealed tube with .3 to 4 volumes of fuming hydrochloric, acid at 
130"-140'’ for 3 to ,5 hours. 

The information furnished by this method i.s of the same order 
as that obtained by the ozonide method. Thus, okie acid yielded 
pelargonic add and azelaic acid ; imileic acid (of the ni.p, 42° C.) 
yielded caprylic and sebacic acids; cracin acid gave nonylic. (nonoie) 
and brassylic acids. Hence, the following .structural formuhe are 
derived: Oleic acid, (.Tfg.fCHjlj.Cn^CIb'CIljijCOOH; isobicic 
acid, (:H 3 .(OHj),;CII=C 1 I(OH 2 )„CO()H; erucic acid, CU 3 (Cll 2 ),Cfl = 
CH(CH 2 )jj€OOH. (With regard to ricinoleie acid, see Ixiow, ji. 215.) 

The method oi oxidising the imsaturated acids with alkaline 
potassium permanganate and identifying the oxidation prodiiets 
cannot be relied upon .as a safe means for determining the position of 
the double bond. In those cases, where no dihydroxy acid of the .same 
number of carbon atoms is formed, hut acids with a lower number of 
carbon atoms result, no certainty obtains, as to whether the cleavage 
takes place at the double linking or whether, jirevionsly, migration 
thereof occurs, as is the case on treating unsaturated fatty acids with 
melted caustic p()ta.sh. Nevertheless there is a justifiable presumption 
in assuming thr-t the I'leavage does occur at the po,sition of the double 
linkage. Thus oleic acid, the constitution of which may he accepted 
as fairly well established (see below), yields (in addition to dihydroxy 
stearic acid) azelaic and jiel.irgouic acids, although the latter iii small 
quantity only. The formation of these two acids w'ould .seem to 
confirm the position of the double linkage in the middle of the molecule, 
but it must not be overlooked that a considerable proportion of oxalic 
acid is formed ; whence the couchision might he drawn that ordinary 
oleic acid is a mixture of i),10 oleic and 2,3 oleic acids (cp. p. 178, 
footnote 3). 

By the action of concentrated sulphuric acid or anhydrous zinc 
chloride, oleic, elaidic, and “ isobicic ” acids yield y-stearolactone. 
Erucic acid leads thus to behcnolactone (and k-A undccyhc acid yields 
undecolactono). Crotonic and a-hydroxybutyrio acids, however, do 
not give rise to the formation of lactones.’ 

* Slnikotf and Scliestakoll', Joiirn. Runs, I’hys. Chon. Roc., 1908 (40), 830. 
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A characteristic property of the lead salts of the higher acids of 
this series is their solubility in ether; this property is made use of in 
the separation of the higher acids of this series from the corresponding 
saturated acids. Elaidic acid, however, simulates stearic acid as 
regards the solubility of its lead salts in ether (cp. p. 141); lead “ iso- 
oleate ” is less readily soluble in ether than is the oleate; the lead salt 
of erucic acid is sparingly soluble in cold ether. 

The interaction of unsaturated acids (oleic) with mercury acetate 
in acetic acid was studied by A. Leys} 

For a preliminary note on the interaction of oleic and elaidic acids 
with fornialdeliyde, the reader must be referred to the original paper 
by S. Fokin } 


Txguc Acid, CgHgOa-CHg.CH : CfCHgl.COOH 

Tiglic acid (isomeric with angelic acid) occurs in croton oil. The 
acid crystallises in triclinic columns melting at 64-5° C. and boiling at 
108-5° C. under ordinary pressure. ^F®=0-964L 

Fitiitfs^ researche.s proved tliat tiglic acid occurs as such in croton 
oil, and is not formed from angelic acid under the influence of the 
caustic soda used in saponifying the oil (as has been assumed repeatedly), 
for on prolonged boiling of angelic acid with caustic soda hardly 5 per 
cent of tiglic acid was obtained. 

On melting tiglic acid with caustic potash, acetic and propionic 
acids are produced. By oxidation with potassium permanganate, 
carbonic acid, acetaldehyde, acetic acid, and dihydroxytiglic (tigliceric) 
acid are formed. 

The calcium salt, Ca(C 5 H 702)2 + 3H.^0, is more readily soluble 
in boiling water than that of angelic acid. 100 parts of water dissolve 
at 17° C. 6-05 parts of the anliydrous salt. 

Ethylester boils at 156° C. 

Acids Cj 2H2202 and 

These acids are said to occur in the fat of cochineal.'* 

Acids CjgHgjjOg 
(a) HYPoa.®ic Acid, 

This a(!id was stated by Gossimnn and Scheven} and by Schroder'^ 
to occur in arachis oil. Schoen} however, could not detect hypogseic 
acid in this oil, and although his statement is confirmed by Bodenstein} 

J Bull. Boc. Vhim. iv. (1907), 343. 

Journ. Hush. l‘hys. Vhem. Soc., 1911 (43), 809. 

^ Lkhi'/s Annal. 283, 05. Op. also Rupo, llouus, niul Lotz, litrichte, 1902, 4265. 

•* Rayiii.aiiii, Motuitsh. /. Chem.., 1885 (6), 895. Accordijig to Ljubarsky tlje acid 
from the fat of Coccus (urin (Mexico) has the composition (physetoleic ?). 

* Liebig's Annal., 1855 (94), 230 : Caldwell and fiossmann, ibuL, 1856 (99), 305. 

'' Liebig's Annul., 1867 (143), 22. ’ UM., 1888, 244, 253. 

® Berichte, 1894, 3397. €p. also Marasse, ibid., 1869, 359. 



Ill 


PHYSETOLEIO ACID—PALMITOLEIC ACID 


177 


yet the hypogaeic acid prepared by the latter synthetically from stearolic 
acid, and having the constitutional formula CE^(CH 2 ),.CH=CH(CH 2)5 
COOH, exhibits the properties of the acid obtained by Schr<>der from 
arachis oil. The acid is also stated to occur in maize oil. 

Hypogscic acid ^ crystallises in needles melting at 33°-34® C., boiling 
at 236“ C. under a pressure of 15 mm., and at 230“ C. under a pressure 
of 10 mm. It absorbs two atoms of bromine to form hypogaeic di- 
bromido (dibromopalmitic acid), an amorphous mass melting at 29“ C. 
{Schroder ^). 

Hypogreic dibromide yields on treatment with silver oxide diliydroxy- 
palmitic acid (see below). Boiling alcoholic potash converts it into 
palmitoUc acid. 

Gai'dic Acid, CjgH3o02. On passing nitrous acid fumes through 
hypogasic acid, its stereo-metrical isomeride, gdidic acid, is obtained. 
Gaidic acid molts at 39“ C. {Caldtvell and Gossniann ®). 

(6) Physetoleic Acid, CjgHgQOg 

Physctoleic acid is said to occur in Caspian seal oil * and in sperm 
oil.^ The acid differs from hypoga3ic acid in that it is not transformed 
into a stereometricui isomeride by nitrous acid, and from palmitoleic 
acid by yielding a dihydroxylated acid which differs from that obtained 
from palmitoleic acid. Pliysctoleic acid is stated to melt at 30'" C. 
On dry distillation it does not yield sebacic acid. 

(c) Palmitoleic Acid, ® GigllgpOa 

This acid is stated by Bull ^ to occur in cod liver oil and to form 
about 6 per cent of the total fatty acids. It was isolated by converting 
the cod liver oil glycerides into their methyl esters, fractionating the 
mixed esters under a pressure of 10 mm., and freeing the fraction boiling 
at 185“-186“ C. from methyl palmitatc. The ester of palmitoleic acid 
was then converted into the barium salt, the latter recrystallised from 
ether, the acid isolated from the salt, and finally purified by means of 
its zinc salt. The acid is stated to solidify at -1-5“ C. 

A means of identifying this acid would be furnished by catalytic 
reduction with hydrogen, when palmitic acid should bo obtained 
{LewkowiUch). 

On oxidising the acid at 0“ C. with an alkaline solution of potassium 
permanganate, a dihydroxypalmitic acid of the melting point 125“ C. 
was obtained; this acid appears to differ from the dihydroxystearic 
acid obtained by Lgvharshj from Caspian seal oil. 

* A hypogaiic acki h.iving the Htnictnre CH 3 (CH 5 )i 2 . OU =CH. COOH was prepared 
from a lironiops^linitic acid by Pouzio {(hizz, ckim. ited., 1905 (35), ii. 13*2. 

’ Liebig’s Annul., 1867 (143), 24. 

* Liehi<j’s AnnaL, 1856 (99), 307. 

■* J/jubaraky, Jvnrn.f. prakt. Vhein., 1898 (57), 26. 

® Uofstiidter, Liebig's AnneU., 1854 (91), 177. 

^ Bull iiatl not named this acid ; the author proposed, therefore, the name palmitoleic 
acid. Op. Jahrbuch d. Vhon., 1906, xvi. 402. This acid must not be confounded with 
palmitolic acid. ’ BerkJUe, 1906, 3574, 

VOL. 1 . N 
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(tl) Lycopouio Acid, ^18^30^2 

This acid is stated to occur in the spores of lycopodium ^ as a 
glyceride, and to form 81 per cent of the mixed fatty acids of lycopodium 
oil {Rathje ^). It differs from the acids described under (a) and {b) by 
being liquid at tlie ordinary temperature. Potassium permanganate 
oxidises it to diliyilroxypalmitic, isocaproic, and bydroxycapric acids. 
Melting caustic potash decomposes it to isobutyric and lauric acids. 
Lycopodic acid does not, therefore, appear to have a normal structure. 


Acid.s, CisHsjOj 

An extremely large number of isomeric acids having the formula 
Hitherto, as pointed out above, five isomeric 
oleic acids have been found to occur in nature, and in addition thereto, 
besido.s geometrical isomcridcs, some other synthetical oleic acids, such 
as and X/i acids, have been obtained. Fokin is of the opinion that 
oleic acids with a double linkage in an odd-even position (i/t?, lk, Ap) 
ai-e solid, whilst those with this linking in an even-odd position {Ot, kX) 
are liquid. This rule can, however, only be looked upon as exiiressing 
a few facts, since the geometrical configuration also plays an important 
part; thus oleic ami elai'dic acids, both of which liave tlie double 
linking in the $ and t position, represent the types of liejuid and solid 
acid.s resjiectively. 


{a) Ordinary Oleic Acid,^ 9,10, or Ol Oleic Acid, 
Cir,.(0H2),.CH 

CHlCHj),. COOII. 

Ordinary oleic acid is found in most vegetable and animal fats, 
especially in the liquid ones, in combination with glycerol. 

The chemically pure product can only be obtained with difficulty. 
A number of preparations sold commercially as “ pure ” oleic acid are 

* jAaiigur, Arch. d. Phann., 1889 (27), 241, 289, 625 ; Ratlije, ibid., 1908, 699. 

' Jnurn. Russ. Jdi.//s. Cheiu. Soc-, iyi2{44), 653. 

* The ohler foriimU, Cll;i. ( 0112 ) 13 .0 ; OH . Clio. OOOll, given Ly Sayl/.eff, Hf.riehlc, 
1891 (27), lief. 577. h-xs Leeii .sliowii to be untenable by Biinich, licrichte, 1894 (27), 
173 (c|>. Le Sueur, Jnurn. Chem. Soc., 1904, 1710 ; N. ami Al. .SaytzelV, Journ. /. itrakt. 
('.hem., 1905 (71), 422). 

On account of the change which oleic <aci»l umlergoes on heating with lueltcil cau.stic 
poUsh (formation of iialniitic acid), the constitutional fornnila of a 2,3 oleic acid (a, )3 
oleic acid), C’lgH^,. (Tl = CH. COOIJ, was previously ascribed to it. The true a, oleic 
acid was prepared by 0. Ponzio [Alti R. Act. Sc. Torino, 1905, 9/0) and also by La 
Sueur {Jnurn. Vhevi. Soc., 1904, 1709). 

In the opinion of A. A. Shukofl'and P. J. Sclie.stnkoff {Journ. Russ. Phys. Chem. Soc., 
] 908 (40), 830) the ordinary oleic acid separated from fats is not a chemical individual, 
but corusists probably of a mixture of isoJncride.s having a pair of doubly-litikud carbon 
atoiii.s in tlie 9,10 (0,i) position on the one hand, and in the 3,4 {^,y) or 4,6 (y,5) 
po.sition on the other. The 9,10 {d,i) acid was prepared front t (or 1,10) hydroxystearic 
acid, and was found to yield about 10 per cent of y-stearolactone wlien treated with zinc 
chloride (cp. “Stearolactoiie,” p. 226). 
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obtained from almond oil by separating the ether-soluble lead salts 
from those of the solid acids, but it should be noted that oleic acid so 
prepared still contains small quantities of less saturated acids (linolic, 
and perhaps linolenic). On the other hand, oleic acid obtained on a 
large scale from tallow retains a small proportion of solid acids. Tlie 
author lays stress on these points, as a number of observations on oleic 
acid (so-called acid, oleic, puriss) have been made with an impure acid, 
and hence statements as to the solubility of the salts prepared with 
such acid must be accepted with reserve. Oleic acid can only be 
considered as chemically pure if its iodine value is 1)0 (theoretical value 
90*07). Most so-called pure oleic acids obtained in commerce deviate 
widely from this number, a(^cording as to wbctlier they contain solid 
acids or less saturated acids; even the beat preparations have iodine 
values varying from 82 to 81 on the one band, and from 100 to 110 on 
the other. This has been confirmed by Fahriond who found in a 
cljeniically pure oleic acid, sold as free from linolic acid, 5 per cent 
of neutral substances and about 1 per cent of palmitic acid. After 
removal of these impurities the puiificd oleic acid still allowed the 
iodine value 92-3. 

Pure oleic acid is best prepared from tailow (which practically does 
not contain any less saturated acids than oh'ic acid), by saponifying 
with caustic potasli, precipitating the soap solution with lead a<a’.tate, 
and extracting the dried lead salt with ether. The dissolved lead 
salt is decomposed with hydi’ochloric acid under ether, the liberated 
acid dissolved in ammonia and the solution precipitated with barium 
chloride. Next, the barium salt is di ied, boiled out with hot aleoiiol, 
and the hot solution allowed to crystallise. The crystallised salt is 
decomposed cither by a strong mineral acid or by tartaric acid {Coltlitd)).^ 
iSxclusiou of utmospberic air, although desirable, is not an essential 
condition, for the older statements, that oleic acid absorbs oxygen from 
the air with avidity, are erroneous. (These statements are due to the 
fact that the fatty acids from linseed oil or semi-drying oils were pre¬ 
viously t-ermed ol(;ic acid.) Oleic acid prepared in this manner still 
contains solid ficids. To remove the latter the conversion of the oleic 
acid into its chloro-iodo-product may be suggested. The latter can be 
separated from the saturated acids by dissolving in an organic solvent 
and allowing to crystalli.se. From the crystallised chloro-iodo-olcic 
acid, oleic acid would be o])taincd by heating with aniline or quinoline. 
Farndeiner claims to have obtained pure oleic acid from olive oil by 
converting the mixed liquid olive oil acids into barium salts, and 
crystallising the lattor repeatedly from benzene containing a little 
alcohol (cp. Cliap. VIII.). 

Pure oleic acid is a colourless liquid free from odour. It crystallises 
in the form of needles, solidifying at 4® C. and melting at 6*5'^ C. 
{Partington ^). 

Gottlieb ^ gave the melting point as 14® C. As at the time of 
the publication of bis paper oleic acid could not be freed thoroughly 

1 Chem. Ztit., 1909, 429. ® Journ. Cl^em. ^oc., 1911, 316. 

Liebig's Atinal., 1846 (57), 88. 
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from solid acids, the high melting pbint given by Gottlieb might have 
been explained, in the light of Partington^s figure, as being due to 
dissolved palmitic and stearic acids. This explanation, however, 
becomes somewhat unsatisfactory, since A, Kirschner ^ stated that on 
allowing impure oleic acid to crystallise at 8°-10° C. he obtained a new 
crystalline form having a higher melting point than 14° C., viz. 16° C. 
It would therefore appear that oleic acid is dimorphous. On melting 
the crystals of melting point 16° C., and (more rapidly still) by cooling 
on ice, they are converted into crystals of lower melting point. 

Cheweul gave the specific gravity at 14° C. as 0'898. More recent 
observations have led to the following numbers:—C. —0*8908, 
<^15=0*898, d^=0-S%, (^30-0*889, d^=^0-m, and The 

following table contains the numbers obtained by Procter for a 
specimen of “ fairly pure ” oleic acid :— 
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J 


On distilling oleic acid under ordinary pressure, it is partially 
broken up into water, and into carbonic, acetic, cajnylic, and capric 
acids; at the same time scbacic acid ^ and liydrocajbons are 
formed, /fmd states tliat oleic acid heated to about 350°-375° C. 
yielded 23*4 per cent of a distillate consisting of hydrocarbons, whereas 
the acid heated in the same manner in the presence of a hydrosilicate 
(cp. p. 46) yielded 79 per cent of a distillate consisting chiefly of hydro¬ 
carbons. In a current of superheated steam, however, it passes over 
unchanged at a temperature of about 250° C. This is indeed the 
method by which commercial oleic acid is prepared on the manufacturing 
scale in candleworks (see Vol. III. Chap. XV.). The following boiling 
points have been found by Krafft and Nbrdlinger,^ and by Krafft and 
Weilandt : ®— 


^ Zeits. f. phi/siol. Chem., 1912(79), 769. 

* Journ. SoC: Chem. hid., 1898, 1022. 

® Kedteubacher suggested (Liehig's Annal, 1840 (3.6), 208), a.s the most conveuieiit 
method for the detection of oleic acid, to prove the presence of sebtude ncid among the 
producU of dry distillation. In the present state of oiir knowledge this method is no 
longer required. ■* Pdrohnm, 1911 (6). 429. 

® Jvurn. Cheui. tioc., Abstr., 1889, 691. “ Ikrichtt., 1896, 1324. 
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Boilinc Point. 

•c. 



Prnsaiim. 
mm. Mercury. 

153 0 ‘ 



0 

223-0 



10 

232-5 



15 

240-5 



30 

264-0 



50 

285-5-286-0 



. 100 


C. Fischer and 0. Harries ^ give 166° for a pressure of 0-25 nim. 
(temperature of bath 200° C.)- 

Oleic acid is insoluble in water, but dissolves readily in cold alcohol, 
even if the alcohol be somewhat dilute. On adding large quantities 
of water to tlie alcoholic solution, the acid is thrown out. On the 
greater solubility of oleic acid in mixtures of water, alcohol, and acetic 
acid, compared with that of the solid fatty acids palmitic and stearic, 
David ^ based a method of separating oleic acid from the solid acids. 

Nitrous acid converts oleic acid at the ordinary temperature * into 
elaidic acid. The same change tabes place when the acid is treated 
with sodium bisulphite under pressure at 175°'180°C., or with sulphurous 
acid under pressure at 200° C. The change, however, is not complete, 
as the reaction is a reversilde one.® 

On exposure to light and air, oleic acid turns yellow or yellowish, 
acquires a rancid smell, and reddens blue litmus paper. Scala ® isolated 
from oleic acid exposed to light and air the following products: 
cenantlialdeliyde, formic, acetic, butyric, and oenanthic acids, and 
some dibasic acid * assumed to be azclaic and suberic acids (and di- 
hydroxystearic acid ?). (The same substances were obtained from a 
very rancid olive oil; cp. p. 54.) 

A sample of oleic acid kept for about nineteen years {Senkowski 
deposited crystals melting at 48° C., whereas the unchanged oleic acid, 
as calculated from the iodine value of the sample, formed only 32*1 
per cent of the wliole mass. In the deposited crystals 8-3 per cent 
(calculated to stcarolactone) of an ester were found. It is doubtful 
whether the remainder con-sisted of hydroxystcaric acid. What 
change did occur in this oleic acid has not been further explained. 
From my own experience I can, however, state that a sample of com¬ 
mercial oleic acid from tallow, kept over sixteen years in an iron drum, 
which was very frequently opened, had retained its original neutralisa¬ 
tion value, and practically its original iodine value, viz. 84. 

After blowing air through oleic acid at 120° C. for 2, 4, 6, and 10 
hours, the author found ® respectively 0*62, 2-6, 3-5, and 6-0 per cent 
of “ oxidised ” acids (insoluble in petroleum ether) in the “ blown ” 

’ Cp. Caldwell and Hurtley's results, table, p. 120. 

Beric/Ue, 1902, 2162. * Joum. C/uni. Boc. 34, 1011. 

^ Lidolf states {Aiudyst, 189.5, 178) that by the action of nitrous oxido on oleic acid 
at 80®-85°C. an increase of weight takes place, and the iodine value of the product falls 
to 9. Experiments made by Lewkowitsch show, however, that elaidic acid is formed and 
the apparent low iodine value is due to the action of nitrous acid, left in the fatty a<'id, 
on potassium iodide [Journ. Boc. Cheni. hid., 1897, 390). 

® Cp. Albitzky, Joum. f. prakt. Ohem., 1903. 

® Staz. Sper. agr. ital. 30, 613. 

Beits, f. physiol. Chem., 1898, 434; cp. also Salkowski, Bur Kenntniss der 
Fettwachsbildung, 1891, Berlin, p. 24. * Lewkowitsch, Anedyst, 1899, 322. 
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acid ; the specific gravities rose in the same order from 0-8980 to 0-9098, 
0-9J21, 0'9123, and 0*9238. Similarly, on digesting oleic acid with 
sulphur at a temperature between 130*^ and C. sulphur is absorbed, 
without evolution of sulphuretted hydrogen; apparently an addition 
product is formed (see Vol. III. Chap. XV. “Vulcanised Oils”). At 
higher temperatures, from 200° to 3(X)° C., sulphuretted hydrogen is 
evolved. 

On oxidising oleic acid with nitric acid the following dibasic acids, 
adipic, piinelic, and suberic acids, were obtained ; ^ simultaneously 
volatile acids, from formic acid up to, and including, capiic acid, were 
formed. Potassium permanganate, acting in acid solution on oleic 
acid, yields considerable quantities of dibasic acids. On oxidising oleic 
acid with an excess of ])otiissium permanganate in dilute alkaline 
solution in the cold, diliydroxystearic acid is formed chiefly. Edmed- 
states that on oxidising oleic acid at 60° (1, he obtained GO per cent of 
dihydroxystearic acid, a small quantity of pelargonic acid, 10 ])ei- cent 
of azelaic acid, and 16 per cent of oxalic acid.® If the oxidation with 
potassium permanganate ire cairied out in presence of only so much 
caustic potash as is required to neutralise the oleic acid employed, 
ketohydroxystearic acid is obtained in addition to dilrydroxystearic 
acid.^ On oxidising oleic acirl with persulpliuric acid {C(i>vn reagent) 
dihydroxystearidic acid is formed.® 

Oleic Acid Ozouides .—According to MoHuari ® one mole<-uIe of ozone 
is assimilated with the formation of oh'ic acid ozonido, Cjfllb{.,() 5 , when 
ozone (ozonised air) is passed through oleic acid. IJarries'^ has, 
however, .shown that when an excess of ozone is used, tlie/fV.s7 product 
obtained by treating oleic acid with ozonised oxygen is not oleic acid 
ozonido, as the latter assimilates, on prolonged treatment with ozone, 
more oxygen, forming (by the absorption of a fourtli atom of oxygen, 
in addition to (uie molecule of ozone) a pei ozonide. To tliis j)erozonide, 
ozonido peroxide, C^gll^^Og, Harries^ ascribes the following formula : 

- (;H((jH 2 ) 7 .C 03 ll 
0 - 0-0 

By washing with water and sodium carbonate this })erozonide is con¬ 
verted into the normal ozonido, Ci 8 H 340 ^, of the formula : 


’ Lewlvowitsch, Jin/rii.f. pmkt. Chon., 1879, 159. 

Jnurn. Chem. Sor.., 7.'5, 827. 

^ Link, in Uie suithor's laboratory, foujul that consitlerablc iti-oportions of oleic acid 
escape oxidation. 

■* Holde and M.anoisson, Jkrichif, 190‘», 28.07 ; cp. N. and Al. Saytzefl', Journ./. 
prali. Chvm., I90.'> (71), 421. 

® Albitzky, Jkrichte, 1900, 2909 ; 1903 (67), 239, 

” Moliiiari, Annuarin della Soc. Chiinii'ii di Milano, 1903, ix. l>07 \ 190.'», xi. 80; 
1906, xii. fftscie i. ii. ii. ; iii. w. iv. JifAchie, 1906, 2735 ; (iazz, Chim. 36, ii. 292 ; 
Beridde., 1907. 4154 ; 1908, 585 ; 2794. 

7 Lkhvfs Anna!., 313, 311 ; 374, 290 ; Jkridde, 1906, 3729 ; 1907, 4906. Cp. also 
ibid., 1906, 3732 ; Thieiiic, Iiuua/. Dissert., Kiel, 1906 ; Harries, Ikriehk, 1912, 936 ; 
Liebig's Annal., 1912 (390), 235. ** Liebu/'s Aiinal., 1910 (374), 858. 
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CH3-{CH,),-CH - CH.(CHj)7.COOH 

0 - o ~ o 

which Molimti had obtained straiglitway. 

(a) Oleic acid ozonide, CjgHj^O^, prepared according to tlio method 
described hy Molinari} forms a viscous, yellowish oil; —1-0218, 
f/ 22 ^ 1 .Q 205 , Harries and Franch give dj.^ = l-0281, d‘[’^l-021C, and 
—1-40021. It is easily soluble in benzene and in chloroform, 
soluble in carbon bisulphide and in absolute alcohol, and sparingly 
soluble in cold petroleum ether. On warming the ozonide on the 
W'ater-bath under a reflux condenser with a saturated solution of 
potassium bisulphite, the following acids are formed : azcilaic, nonylic 
(nonoic), an acid CigH 320 (j, and a hydroxystearic acid (foiancd by the 
condensation of nonaldohyde and nonyln^ a(;id). In addition to the 
foregoing acids there are produced semi-aldehydes and nonylaldehydo; 
the latter undergoes ])()Iymcrisati(>n on being liberated from its 
bisulphite compound, to form paranonaldehyde (CyTljgO)^.^ 

Harries,^ maintaining his previously raised strictures on some of 
Molinarrs statements, show's that on treating a solution of oleic acid 
in glacial acetic acid or carbon tetrachloride with either slightly (0-4 
per cent of ozone) or strongly ozonised air (18 per ceid of ozone), until 
a dro[) of the solution no longer decolourises bromine or iodiiu*, the 
normal ozonide is always obtained. As soon, however, as the saturation 
point is cxceedcri the perozonide is formed. 

The ozonide still retains its character as an acid since its ammonium, 
sodium, and copper salts can be isolated, althougli the salts are easily 
decomposed (Harries and Franck'^). 

(h) The perozonide, CjgTl 34 ()(., is niore viscous tlian the normal ozonide, 
—1-049; n'l,’= 1-17113. On shaking with sodium bicarbonate 
and water it is converted into the normal ozonide. 

After prolonged treatment of tlic perozonide with ozonised air a 
su])er[)croxide, superperozonide, 0 jgli 340 -, is formed. 

Both ozonides are converted by heating wuth water almost quantita¬ 
tively into nonyl aldehyde and nonylic acid on the one hand, and into 
the scmi-aldehydc of azclaic acid and azclaic acid on the other. No 
evolution of gas can be observed, and the presence of liydrogcn peroxide 
can be detected. If, liowever, sodium hydrate be added to the water 
and tlic mixture then be boiled, sodium peroxide is formed which 
oxidises the aldehydes formed, being itself reduced to sodium hydrate. 
(The sodium hydrate so formed converts unchanged aldehydes into 
the decomposition products described by Molinari, who effected the 
decomposition of the ozonide by means of alkali.) The formation of 
nonylic and azelaic acids would seem to prove the correctness of the 
constitutional formula ascribed above to oleic acid (cp. p. 178). 

The decomposition of the ozonides also takes place in anhydrous 

* Moliii.ari, Berichte, lOOfi, 2737. ^ Moliuari and Ilarosi, ibid,, 1908, 2794. 

Harries and Franck, ibid., 1909, 446 ; 1910, 3.^)7. 

* Liebig’s Anna/., 1910 (374), 367. 
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solvents, such as glacial acetic acid or alcohol, on warming. With 
glacial acetic acid even more peroxide is formed than with water 
(Harries). In fact, on warming the glacial acetic acid solution vigorous 
evolution of gas is observed ; since, however, the gas contains carbon- 
monoxide and carbondioxide it is evident that further complicated 
decomposition products are formed. It therefore follows that water 
does not play the important part in the decomposition of the ozonides 
which Harries previously ascribed to it. The decomposition of 
the oleic acid ozonide in glacial acetic acid is explained by Harries 
to take place in two directions. In one direction there is formed 
nonylaldehyde, CHj.lCHjj^.CHO, and azclaic semi-aldehvde peroxide 

On 

I > CH.( 0112 ) 7 .COOH; and in the second direction there is formed 
0 ^ 


nonylaldehvde peroxide, CH 3 .(CH 2 ) 7 .CH <" |, and an azelaic-semi- 

aldehyde 0:CH.(CH 2 ) 7 .COOH. The latter would then be converted 
into the semi-aldehyde of azelaic acid by losing one atom of oxygen. 

The ozonides are saturated substances wliich do not decolourise 
bromine solutions. They are, however, capable of aiCting as oxidising 
substances, inasmuch as they liberate iodine from potassium iodide. 
(Hence in the “ iodine test ” the ozonides liberate iodine ; probably 
one atom of iodine for each molecule of ozone {MoHmri and Fe)iaroU).) 

(c) Oleic acid superperozo7iid€ is formed from the perozoiiide. It 
can be obtained in a shorter time from oleic acid itself, by treating oleic 
acid, dissolved in 3 volumes of glacial acetic acid, for 4 hours with 
ozonised air containing 16 to 18 pei- cent of ozone, distilling off the 
glacial acetic acid in vacuo, and drying the residue over solid caustic 
potash and concentrated sulphuric acid. The product is a colourless 
viscous liquid, = 1-079; mV)= 1'46817. On warming with water, 
it is broken down into the same decomposition product which the above 
described ozonides yield.' 

For the interaction of oleic acid with nitrogen tetroxide see p. 175. 


Oleic acid absorbs one molecule of bromine with the formation of 
oleic dibromide (dibromostearic acid); ^ similarly iodochloride is 
absorbed to form a saturated acid. On reducing these products with 
zinc and hydrochloric acid, oleic acid is regenerated {Ijewkowitsch). 
On heating the dibromide with alcoholic potash, stearolic acid, melting 
point 48® C., is obtained (cp. “ Petros^linic Acid ”).® 

* C. Harries aud \V. Franck, Liebig'i Antuil., 1910 (374), 361. 

The barium salt of the dibromo,stearic acid is waxdike, sparingly soluble In alcohol 
or ether at the ordinary temperature, but readily soluble in a mixture of alcohol and 
lienzene (Farnsteiner, ZeUa.f. Unters. d. Nahrga- u. Otmismu, 1899,15). The lead .salt i.s 
viscous, sparingly soluble in cold 95 per cent alcohol, but dissolves rea<lily iu ether, 
Iietroleuin ether, ether-alcohol, benzene, and a mixture of benzene and alcohol. 

* Fokin {Journ. Ru$s. Phya. Ohm.. Sdc., 1912 (44), 156) states that monobromo- 
stearic acid from oleic acid and hydrobromic acid yields, on treatment with zinc dust and 
water in a sealed tube, stearic acid. In the case of the corresponding chloro-compound. 
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The action of melting caustic potash on oleic acid has been referred 
to above (p. 158 and p. 173). 

Oleic acid dissolves in concentrated sulphuric acid in the cold without 
decomposition (Chevreul), and forms stearic acid hydrogensulphate, 
boiling this product with water, sulphuric acid 
is split off, and i-hydroxystearic acid is formed, conjointly with a small 
quantity of stearolactone {Geilel) ^ ; (see Vol. III. Cliap. XV. “ Turkey- 
red Oil A similar change takes place on heating oleic acid with 
zinc chloride to ISS*^ C. (see Vol. III. Chap. XV. “ Conversion of Oleic 
Acid into Candle Material ”). In Saytzeffs’ ^ opinion, the interaction 
of sulphuric acid with oleic acid leads to the formation of hydroxy- 

stearosiilphuric acid On boiling the latter with 


water a mixture of hydroxystearic acid and anhydrides of this acid is 
obtained; this mixture is sparingly soluble in 80 per (^ent alcohol. 
The anhydrides may be approximately differentiated into several 
individuals by the facility with which they are converted into salts of 
hydroxystearic acid on heating with alkalis. Fuller consideration to 
the action of sulphuric acid on oleic acid will be given in Vol. ITT. 
Chap. XV. 

Sulphuric acid of 85 per cent strength is ; tated by Tivifchell to have 
a similar action to that of concentrated acid.^ 

The reduction of oleic acid to stearic acid has been frequently 
attempted, and has formed one of the most fascinating problems in the 
fat industry.^ Goldschmidt ® was the first to attempt the reduction of 
oleic acid by heating it witli fuming hydriodic acid and amorphous 
phosphorus for 8 to 10 hours in a sealed tube at 200“-210“ C.; lie thus 
obtained stearic acid. V. de Wilde and Reychler^ following Gold.'ichmidt, 
tried to convert oleic acid into stearic acid by heating the former with 
1 per cent of iodine in autoclaves at 270°-280'^ C. A mixture of fatty 
substances melting from 50° to 55° C. resulted ; this was separated by 
distillation in a current of superheated steam into a residue insoluble 
in alcohol, a distillate containing stearh; acid, and a liquid, which 
could not be converted into stearic acid by again subjecting it to the 
same treatment. The yield of stearic acid reached only 70 per cent, 
and no more than one-third of the iodine used could be recovered. 
The costliness of the process naturally prevented its commercial applica¬ 
tion. 

The several attempts which were made subsequently to solve this 
important technical problem were discussed at length by Ijewkowiisch ® 
in 1897 and 1908; they will be more fully considered in Vol. III. 


tlio product consists ol‘ approximately two-thirds of stearic acid and oiie-tlurd regenerated 
oleic acid. 

^ Cp. also Ssobanejew, Jonrn. Ituss. I*hys. Cliem.. Soc., 188.^, i. 35, 87 ; Berkhte, 
1886, Ref. 239. ^ Cp. also Soc. Ckem. Ind,, 1897, 390. 

* Journ./. prnkt. Chein. 86 , 369 (1898), 67, 26. 

■* Jonrn. Soc. Ckem. Ind., 1897, 1002. 

Cp. Lewkowitscli. .hum. Soc, Chern. Ind., 1897, 390. 

* SUzttn.g.sh. d. K. K, Akad. der Wissensch., 1876 (72), ii. 366. 

’ Bull. Soc. Chini., 1889 [3], 295. 

TnA 
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Chap. XV. under the heading “ Conversion of Oleic Acid into Candle 
Material.” Hero it may suffice to state that A. de Uemfiinne ^ 
succeeded in reducing oleic acid to stearic acid by silent electrical 
discharges in an atmosphere of hydrogen, but as not more than 50 
per cent of oleic acid was converted into stearic acid by this method, 
it is useIos.s as a commercial process. Complete reduction can be 
obtained by applying Sabatier and Senderens' catalytic process {nickel 
catalyst in a current of hydrogen). By this method Bedford^ and 
Leivkowitsch^ succeeded in reducing olei<; acid to stearic acid with a 
practically theoretical yield. Paal and Roth * showed that oleic acid 
can be reduced in the cold by moans of hydrogen in the presence of 
colloidal palladium. They thus obtained from oleic acid 60 per cent 
of the theoretical yield of stearic acid. (With regard to the formation 
of isooleic acid, see above, p. 173). 

On heating oleic acid with zinc powder to a temperature of about 
350° C., there are formed carbon dioxide, hydrogen, hydrocarbons, 
liquid and solid olefinic hydrocarbons, the bulk of which distils at 
270° to 3(X)° C., and contains eighteen atoms of carbon in the molecule.^ 
There are further formed a certain amount of lower hydrocarbons, 
as also higher hydrocarbons, thus indicating that degradation as well 
as polymerisation run coiK’urrently with the principal reaction. 

By heating oleic aci<l with zinc dust in a current of hydi-ogen at a 
temperature of about 250° C. the author found (in conjunction with 
Pick^) tliat a large amount of oleic acid wa.s converted into hydro¬ 
carbons ; at a temperature of about 350° C. complete conversion into 
gas and hydrocarbons took [)lace. Jf the temperature was kept below 
200° C., very little destruction of oleic acid occurs. 

Lifachutz'^ indicated a spectroscopic method for the recognition of 
the smallest quantities of oleic acid in the presence of other acids. 

With regard to the separation of oleic acid from saturated acids, 
as also from less saturated fatty acids, compare Chapter VIII. 

hor oleic anhydride see above, p. 117. 

Potassium oleaU, forms a tran.spareut, jelly-like mass, 

wliich is far more readily soluble in water, alcohol, and ether than the 
sodium salt. One part of the .salt requires for complete solution 4 
parts of water, or 2*15 parts of alcohol, or 20*1 parts of boiling ether. 

Sodium oleate, NaCigIl 3302 . The pure salt is prepared by crystal¬ 
lisation from absolute alcohol (not from dilute alcohol). It dissolves 
in 10 parts of water at 12° C., or in 20*6 parts of alcohol, specific gravity 
0-821, at 13° C. It also dissolves in 100 parts of boiling ether. The 
anhydrous salt melts at 232°-235° C. 

^ Kiif'lisli pak'iit. ]r)72, 19U5; French jiatent 349,9'12; Germ.an jiatont 167,107 ; 
Uiiitwl .Slates |iuteiit 797,112. 

Imu'j. Disst'rl., Halle a/S., 1906, ^ -hmni. Soc. Chevi. Ind.^ 1908, 489. 

* Ikrichtc, 1908, 2283. ® Hebert, Hull. Soc. (Jhim., 1903, 316. 

Uiipubltshed experiments; c|). also Bewhtc, 1907, 4161. 

’ Hoppe-Seyler’s Zcits. f. physiol. Chem., 1908 (.66), 446. Cp. also A. Maiiea, 
Chm. ZtiUralbl., 1908, ii. 1702. 
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Lithium oUate, LiCigll^Og, is soluble in hot alcohol, insoluble in 
ether, carbon bisulphide, and benzene. 100 c.c. of water dissolve at 
18° C. 0-0674 gram, and at 25° C. 0-132 gram. 100 c.c. of alcohol of 
the specific gravity 0-797 dissolve at 18° C. 0-9084 gram, and at 
25° C. 1-009 gram.^ 

Ammoniiun okate, NTIj. solubilities of the ammonium 

salt in alcohol, ether, and a<“Ctone have been given nhove, p. 140). 
According to If^ ammonium olcate forms “ Ii({uid (u-ystals,” 
but A. Moldziejowski^ showed that the “ licpiid crystals” can he 
obtained by evaporating the aqueous or alcoholic solution at tlieordiiiary 
temperatine ; hence the observed structures must bo looked upon 
rather as an emulsion than as liquid “ crystals.” 

The metallic oleatcs beliave with water much in the same manner 
as do the metallic salts of palmitic and stearic acids ; they :ire mostly 
soluble in alcohol, l)enzemg (bloroform, carbon tetrachloride, carbon 
bisulphide, nitrobenzene, pyriiline, and ])etroleum ether; ^ some are 
also soluble in ether ((-]). III. Chap. XV. “ Salts of the Alkaline 
Earths and Heavy Metals ”). 

Calcium okate, Ca(CjglT 3302 ) 2 , forms a powder which is insolul)le 
in alcohol and ether. It is somewhat solul)le in concentrated sugar 
solution : thus 200 c.c. of a K) per cent sugar solution, after digestion 
with oleate for one houj-, dis.soivo at 19-5° C., 35° (1, 50° C., and 
65° C., 0-0661, 0-1707, 0-150, and 0-726 grni. respectively.^ Calcium 
olcate in a solution of pyridine passes 1 hrough an india-rubber membrane. 

Barium okate, Ea(CjgH 33 () 2 ) 2 . is a crystalline powder insoluble in 
water, and but sparingly solul>io in boiling alcohol. At 100° C. it 
conglutinate.s without, liowever, becoming liquid. Dried barium 
olcate^ is very sparingly soluble in hot benzene; in a mixture of 
hot benzene and absolute alcolud it dissolves with great difiiculty 
on boiling. In the ju'escnce of small amounts of water, however, 
barium oleate easily dissolves in hot benzene ; thus it is siillicient to 
admix with benzene 5 per cent, or even less, of 95 per cent alcohol 
to elTect solution. The salt se[)arates oiP from the hot benzene solution 
oil cooling almost completely (in the form of a crystalline powder 
consisting of long, very thin needles or lamina* of silvery lustre); 
100 c.c. of the filtrate retain at 11° C. 0-015 grtn., and at 17-5° C. 0-023 
grm. of barium oleate. With chloroform and petroleum ether the 
salt show.s a similar heliaviour. 

Aluminium oleate, Al(CjgH3;(02)3, forms a jelly-like mass, insoluble 
in alcohol, and sparingly soluble in hot ether, in petroleum ether, and 
benzene. In the arts it is used as an “ oil-tliickener ” (cp. Vol. III. 
Chap. XV.). 

Silver oleate, AgCj^HygOg, is almost insoluble in etlier. (Difference 
from the silver salt of rosin acids.) 

^ and KerU'-, Arck. d. Phann., 1903, 545. 

2 Cionpt. rend., 1906 (143), 693. ® Zeds./. Kri/staU. loid jUiver.. 1913 (52), 1. 

* Op. Kalilynberjr, Trans. Avier. Eketroehem. Soc., 1905 (5), 167 ; Kahlwiberg and 
Anthony, Journ. dc chimie phi/sique, 1906 (iv.), 358. 

® Zeils, f. avgew. Ohem., 1901, 1115. 

“ Earnsteiner, Zeils, f. Unters. d. Nahrgs -«. Genussm., 1901, 68. 



188 


CONSTITUENTS OF FAfS AND WAXES 


CHAP. 


Co-pper oleaie, Cu(Ci 8 H 3302 ) 2 , melts at 100® C. to a green oil It 
dissolves readily in cold ether (to a green solution), and also in alcohol 
(to a bluish-green solution). The salt crystallises in the shape of rods 
behaving like “ liquid crystals.” ' Metallic copper dissolves in oleic 
acid with evolution of hydrogen.^ 

Lead oleate, Pb(Ci 8 H 3302)2 (known already to Dioscorides), is a 
white powder, melting at 45°-50® C. to a yellow oil.® It is soluble in 
ether,** and may thus be separated from the saturated acids (palmitic, 
stearic), and also from elaidic acid. This separation, however, is not 
a complete one.^ Lead oleate is also soluble in petroleum ether, but 
only slightly soluble in absolute alcohol (Twitchell). 

Melkylester, = 0*879; it boils at 212®-213° C. under a pressure 
of 15 mm. 

Elhylcsler, specific gravity 0*871 at 16® C.** 

Amylester, d'-^ “0*8886, d***=0*897 ; it does not solidify at 0® 0. 

In near relation to oleic acid stands its geometrical isonieride, 
claidic acid. 

Elaidic acid (discovered by Boudet in 1832 when studying the 
action of BouleCs reagent is obtained by allowing nitrous acid fumes, 
or a nitrite and nitric acid, to act on ordinary oleic acid at the ordinary 
temperature; after a short time the oleic acid is changed into its 
stereometrical isomcridc, elaidic acid.® The separation of elaidic acid 
from unchanged oleic acid is readily effected by crystallisation from 
alcohol or ether, or by separating the lead salts by means of ether or 
benzene. Elaidic acid is also obtained by the action of sulphurous 
acid or bisulphites under pressure at elevated temperatures on oleic 
acid.® 

The acid crystallises from alcohol in plates melting at 44*5® C.-*® 
The same melting point was observed by the author in the case of a 
specimen of repeatedly crystallised elaidic acid, prepared in his labora¬ 
tory, as also of a specimen carefully purified by Geitel}^ Farnsteiner 
records the melting point 43*5®-44*5® C. Hence, Saytzeffs’ statement, 

’ K. Kicliter, Zciia.f. amjrw. dhem., 1907, 1613. 

^ (J. B. Gates, l*hy.t. Ckem., 1911 (10), 138. 

'* G. B. Neave, Analynt, 1912, 399. The oMer statement, Gottlieh’s {Liebig's 
AnnaL, 1840 [57], 38), that lead oleate melts .at 80“ C., imist he aliamloneU. 

* Gusserow, Arch. d. Pharni.^ 1828 (27), 103. The leatl .salt of a-oleic acid is 
pnactically Insoluhle in ether. 

® Lewkowitsch, Journ. Soc. Ghem. hid., 1890, 846 ; cp. also Chap. VIII. 

® For some .siigi^ested technical applications of the ethylestor, cp. Drcymanii, French 
patent 34.8,158 ; English patent 10,466, 1905. 

’ Cp. liaurent, Annal. dt Ghim. e.t de Phys. G.O, 149. 

® For the opinion of Gawalow.ski that two isotneric elaVdic acids arc formed, cp. 
Pham. Post, 1905 (38), 97. 

® Heating of 3-5 gruis. of oleic acid with three drops of glacial acetic aciil for thirty 
hours at 98“ C. did not jirodnce conversion into claidic acid ; nor could conversion 
be affected liy adding to tlie same qu.autity three drops of glacial acetic acid .and three 
drojis of water and heating as above. In neither case the product solidified on being 
inoculated with olahlic aciil. P. Rabe, Ilerichte, 1912, 2932. 

Cp. H. Meyer, Liebig's Annal., 1840 (35), 182. 

“ Analyst, 1899, 2.58. Zeits. f. Unter.s. d. Nahrgs- u. Oenvssm.y 1899, 6. 

Joum.f. prakt. Ghm., 1894 (60), 176. 



Ill 


KLAIUIU ACID ■ 


189 


that elaidio acid melts at 6r-62° C. (and solidifies at 44°-4r)'’ C.), must 
be accepted with reserve, C. =0'8505. 

Elaidic acid distils almost unchanged at reduced pressure. The 
following boiling points were ascertained by Krafft and Nihdlinger 


Boiling Point. 

“ C. 

154 . 

225 . 

234 . 

251-5 
256 . 
287-8-288-0 


Pp'.SSUM'. 
iiiii). Alcroiiry. 
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. 30 
. 50 
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Like oleic acid, elaidic acid can be reduced to stearic acid by fuming 
hydriodic acid and phosphorus under pre.ssuro. Doubtlo.ss, catalytic 
reduction by means of hydrogen would effect the convejsion more 
expeditiously. 

Elaidic acid can be converted in its turn into ordinary oleic acid 
by boiling iodostearic acid, prepared from elaidic acid, with alcoholic 
potash ; simultaneously some “ isooleic ” acid is formed.* 

On heating elaidic acid with sulphurous acid under pre.s3ure, about 
20 per cent is converted into ordinary oleic acid.^ By o.xidation with 
potassium permanganate in alkaline solution in the cold, dihydroxy- 
stearidic acid is obtained,® whilst pelargonic, azelaic, and oxalic acids 
are formed as secondary products. Edmed * ascertained the following 
percentages of oxidation products: dihydroxystearidic acid melting 
at 99° C., 33 per cent; pelargonic acid, 13 to 14 per cent; azelaic acid, 
26 per cent; oxalic acid, 15-20 per cent (cp. above p. 182). Caro’s 
reagent yields a dihydroxystearic acid which appears to be identical 
with the dihydroxystearic acid formed by oxidising elaidic acid with 
potassium permanganate (Albitzky ®). With melted caustic potash 
elaidic acid, like ordinary oleic acid, yields palmitic acid. By the 
action of concentrated sulphuric acid on elaidic acid, anhydrides are 
chiefly produced yielding i-hydroxystearic acid on treatment with 
alcoholic potash.® 

The behaviour of elaidic acid to ozone simulates that of oleic acid, 
i.e. it forms an ozonide and a perozonidc.* 

From these reactions it would seem to follow that elaidic acid is 
a stereometrical isomeride of oleic acid; this may be e.xpresscd by the 
following synoptical formula ;— 


CH3(CIl2),. CH 

II 

C00H.(CH2)7CH. 

The barium, lead, and silver salts of elaidic acid are sparingly soluble 


' bebedeff, ilM., 1894 (50), 61. * Albitzky, ibui., 1900 (61), 6.’). 

^ Itvrichle, 1894, 173. - Jourii. Vheiit. Soc., 1898, 631. 

( Journ./. prakt. Chein., 1903 (67), ,357. 

Tsuherbakoff and Saytzell, tintt., 1898 (57), 27. 

* Harries and Thieme, Liebig’s AmuU., 1905 (343), 354 ; Harries and W. Franck, 
ibid., 1910 (374), 360. 
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in alcohol and ether. Lead elaidate simulates, as regards solubility, 
the lead salts of the solid saturated fatty acids (cp, p. 141). The 
following table gives some analytical data :— 


100 c.c. of 

Dissolve Lead Salt. 
Grnis. 

AfO. 

Ether ....... 

0-0016 to 0-0086 

16-20 

Honzene . 

0 0040 

16-20 

,, after tiissolvinj' the salt in tlie 



hot and aliowinii to crystalliaii. 

,, afti-r 1 hour .... 

0-0148 

16 

,, after 17 lioura .... 
Aksolute alroliol—after dissolvhiir tho 

0-0028 

16 

salt in the liot and allowing to erystalliso 
—alter 18 hours. 

o-oioo 

17 


Metlujlestcr, C. = 0-872. 

Ltlujlcster, C.=0-808. 

Other elaidie acids obtained hitlierto arc : — 

(1) Tarela'idic acid, 6,7 elaidie acid, from tariric acid ^ by converting 
it into its monohydi iodic-addition derivati\e and reducing the latter 
with zinc dust and acetic acid. This tarelaidic acid h)rin’s small (-ompact 
prisms molting at 02-5^ C. The acid does not assimilate iodine in 
acetic acid solution, but absorbs twt) atoms of bromine, and yields 
on oxidation with potassium permanganate eis 6,7, diliydroxystearic 
acid melting at 117*5'^ C. 

(2) 8,9 Elaidie acid (sec under Isooleic acid). 

(3) 9,10 Elaidie acid (sec under Isooleic acid). 

(4) Pclroselin-elaidic acid (see under Uetroselinic acid). 

“ Isooleic ” (“ Para-oleic ”), Solid Oleic Acid, is prepared, according 
to M.y C.y and A. by distilling /-hydr-oxystearic acid under 

diminished j)i'essure, wlien a mixture of ordinary oleic and isooleic 
acids, together with sonic unchanged liydroxystearic acid, passes over. 
Isooleic acid is isolated by allowing the mixture to crystallise from its 
ethereal solution and converting the, crystallised acids into their zinc 
salts, which are exliaustcd with boiling alcohol, when y.m- hydi'oxy- 
stearatc remains undissolved ; on cooling the filtered alcoholic solution 
of zinc isobleate and zinc oleate the former sefiaratcs out. Isooleic 
acid is then liberated from its zinc salt by dilute sulphuric acid and 
purified by repeated crystallisation from ether. The mixture of the 
two isomeric acids can be more readily resolved into its components by 
crystallisation from petroleum ether.^ 

Isooleic acid is also formed when iodostearic acid, obtained from 
hydriodic acid and ordinary oleic or elaidie acid, is heated with alcoholic 
potash under a reflux condenser. The product contains isooleic acid, 
together with unchanged oleic acid. Isooleic a(;id assimilates the 

• Aru.-uiil and Fosteniak, Conipt. rend., UUO (150), 1130. 

^ M., C., and A. baytzrdf, Jouni. f. prahi. Cheui., 1387 (35), 386 ; 1888 (37), 269. 

^ Sliukoir and ScLestakoti', ibid,, 1903 (67), 416. 
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elements of hydrogen iodide, giving a liquid iodostearic acid which 
yields, on treatment with alcoholic potash, one unsaturated acid only, 
viz. isooleic acid (see above). From this M. and A. Saytz(0 concluded 
that the iodine was attached to the a-carbon atom, and that the iodo- 
compound had the formula CjgH 33 .CHI.COOH; hence they assigned 
to isooleic acid the formula CH 3 (CH 2 )j 4 CH = CH.COOH. This con¬ 
stitution has, however, been shown, by Le Sueur,^ to be erroneous. 
For on treating the above iodostearic acid with silver oxide a mono- 
hydroxyderivative melting at 82-85° C. was obtained. Since true 
a-hydroxystearic acid {Le Sueur) melts at 91-92° C., the hydroxystearic 
acid and the iodostearic acid which the Sayizeffs prepai’ed cannot be 
a-derivativcs. It should, moreover, be noted that the true a-iodostearic 
acid ^ is a crystalline substance melting at 66 ° C. By treating ordinary 
oleic acid with hydriodic acid and subse(]uently eliminating the latter, 
at least the following three reactions would seem to take place ; ( 1 ) 
Conversion of oleic acid into its stereo-chemical i.somcridc; (2) migra¬ 
tion of the double linking in the direction of the carboxyl groiq); (3) 
replacement of the iodine atom by hydroxyl. 

Arnaud and Posternak^ found, however, on repeating Sayizeffs 
experiment that “ isoidcic acid ” is not a chemical individual, but 
represents a mij^ture of several “ oleic ” acids, from which the following 
substances have been isolated hitherto; (1) Ordinary 9,10 oleic 
acid, (2) ordinary 9,10 elaidic acid, (3) an 8,9 elakbc acid, (4) a hydroxy¬ 
stearic acid. These four products do not yet exhaust the number of 
acids occurring in the mixture hitherto considered to bo isooleic acid. 
Reasoning by analogy, the assumption is made by Arnaud and Voslernak 
that a further isomeride of oleic acid (or of claidic acid) in which the 
double linking has been disphiced in the opposite direction occurs in 
Saytzeffs isooleic acid ; it is likely that a second hydroxystearic acid 
will be found in this mixture. From the data given by Arnaud and 
Posternak the composition of the mixture may be calculated to be 
approximately : 9,10 elaidic acid, 15 per cent; hydroxystearic acid, 
18 per cent; 8,9 and 9,10 elaidic acids, 36 per cent; the remainder, 
containing ordinary oleic acid, is liquid. 

Ponzio assigned to isooleic acid the same constitutional forniiila 
as that given above (p. 178) for olcic^ acid. 

Jegorow^ ascribes to isooicic acid melting point 42° C., prepared by 
Saylzeff’s method, the constitutional formula 0113 .( 0112 ) 3 .OH =^CH, 
(CH 2 ) 8 C 00 H (see above, p. 175). 

In view of the discrepant observations detailed above, the nature 
of “ isooleic ” acid is open to doubt. Since, however, considerable 
quantities of “ isooleic ” acid occur in commercial stearic acid, obtained 
by “ acid saponification ” and subsequent distillation (cp. Vol. III. 
Chap. XV.), and a well crystallised product can be isolated, its char¬ 
acteristics are given in the following lines, with the reservation that 
these characteristics may belong to a eutectic mixture of several isomeric 
acids. 

' Jonrn. Cheni. Soc., 1904, 1709. Ponzio, Gazz. chini. ital., 1904 (34), ii. 77. 

* Vompt. rend,, 1910 (150), 1620. ■* Journ.f. prakl, Chem., 1912 (86), 639. 
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Isooleic acid is also formed in the catalytic reduction of oleic acid 
under certain conditions, especially if copper powder be used as the 
catalyst; it would appear as if the formation of isooleic acid forms 
the first step in the hydrogenation process of oleic acid, the double 
linkage being forced to migrate from the central position towards the 
end of the chain. It would follow that isooleic acid is more readily 
hydrogenated than oleic acid (Lewkomtsch). 

“ Isooleic ” acid forms transparent, rhombic plates (from ether), 
melting from 41° to 45° C. It is very easily soluble in alcohol, con¬ 
siderably loss soluble in ether. Like ordinary oleic acid, it absorbs 
two atoms of bromine or iodine in the cold, and undergoes the same 
changes os does oleic acid when treated with melted caustic potash. 
Dibromo-isooleic acid yields on treatment with silver oxide p-dihydroiy- 
stearic acid (cp. p. 229). Potassium permanganate yields a dihydroxy- 
stearic acid differing from that obtained from ordinary oleic acid (cp. 
p. 228). On treating isooleic acid with concentrated sulphuric acid, 
and subsequently boiling the product with water, two isomeric hydroxy- 
stearic acids (see p. 225) are formed, differing in their behaviour when 
subjected to distillation in mcuo. 

Calcium salt, CaiCigHajOjij + HjO, is insoluble in hot alcohol. 

Ixad salt is considerably less soluble in ether than is lead oleate. 

(b) Rapic Acid, *^18^3402 

Rapic acid occurs, according to Reimer and WiU} in the mixed 
rape oil fatty acids. The acid docs not .solidify on cooling, nor does it 
yield a solid isomerido with nitrous acid. 

Reimer and Will assigned to this acid the formula of a hydroxylated 
acid, CjjH 3403 , which is extremely unlikely, as the acetyl value of rape 
oil is very low (cp. Vol. II. Chap. XIV.). Zellner ^ showed later that 
rapic acid has the composition CigH 3302 , by converting it into an iodo- 
compound yielding stearic acid on reduction with zinc and hydrochloric 
acid. 

The sodium salt forms a gelatinous mass easily soluble in water; 
the zinc salt is crystalline, dissolves easily in alcohol and ether, and 
melts at 78° C. 

(c) Petroskli.vk; Acid, CH 3 (CH 2 )i„.CH = CH. ( 0112 ) 4 .COOH 

The fatty oil of parsley seeds contains an “ oleic ” acid melting 
at 33°-34° C., solidifying at 27° C.; n“ = 1-4533. This acid is optically 
inactive. Its iodine value was found to agree with that demanded by 
theory. Petroseliuic acid behaves in many respects like ordinary 
oleic acid. Nitrous acid converts it into a stereoisomeride (an “ elaidic ” 
acid), melting at 64° C. With potassium permanganate in alkaline 
solution petrosehnic acid yields a dihydroxystearic acid, melting at 
122° C. (see p. 229). By treatment with melted caustic potash, acetic 
and palmitic acids are obtained as the chief products of the reaction. 

' Jmm. Soc. Chem. Ind., 1887, 732. “ Ibid., 1896, 661. 
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Petroselfnic acid absorbs two atoms of bromine with formation of a 
dibromide, which furnishes on heating with (methyl- or ethyl-) alcoholic 
potash under pressure a “ stearolic ” acid, melting at 54° C., 

which would aptly be termed “ petroselinolic acid,” The ketonic 
acid obtained therefrom (melting at 80° C.) yields two stereoisomeric 
oximes, which are converted, by concentrated sulphuric acid, into 
amino acids. By heating the latter with concentrated hydrochloric 
acid, undecylamine, pimelic acid, and lauric acid were obtained ; hence 
Vongericken and Kohler * as.signed to petroselinic acid the constitution 
expressed hy the above given structural formula. 

The amide crystallises in needles melting at 76° C. 

The barium salt crystallises in anhydrous needles. The lead salt 
is sparingly soluble in cold ether, readily soluble in hot ether ; it melts 
at 86 ° C. 

(d) Cheiranthio Acid, 

This acid has been found amongst tlie mixed fatty acids of Cheir- 
anthus oil {MaHhes and Boltze 2 ). 

The acid forms white silky needle-shaped crystals melting at 30° C. 
w^^*=l‘4535. The iodine value of the acid is given as 71*16, whereas 
the theoretical valuer of an unsaturated fatty acid CJ 8 H 34 O 2 would be 
90. The acid had been isolated by recrystallisation from alcohol of 
a fraction of the distilled fatty acid boiling between 240^ and 245® at 
12 mm. pressure. The neutralisation value of this fraction was 177*1 
and the iodine value 78*1. These latter figures, as also the above given 
melting point, would speak much more for an “ erucic ” acid than for 
an “ oleic acid ” ; this view is, however, not supported by the elementary 
analyses given for cheiranthic acid and the dihydroxystearic acid 
obtained therefrom. 

By treatment with nitrous acid choirantliic acid yields an isomeridc 
wiiich melts, after recrystallisation from absolute alcohol, at 51®-52° C. 
and has = 1*4520, By oxidation with potassium permanganate 
a dihydi'oxystoaric acid is obtained melting at 180° and having = 
T4570. This dihydroxystearic acid differs from the known dihydroxy¬ 
stearic acids (described below). 

It will be seen that cheiranthic acid very closely simulates petroselinic 
acid. 

Other “ oleic ” acids which are probably identical with either 
cheiranthic or petroselinic acid have been found by Scherer^ in the 
oils obtained from the seeds of Piinpinella anisum and Fwniculum 
capillaceum. These oils yielded respectively “ oleic ” acids of the 
melting points 30° C. and 30*5° C., and iodine values 73*5 and 86*15. 

(e) Liver Lecithin Oleic Acid, (CH2)ii.CH = CH.{CH2)4COOH(?) 

An oleic acid isolated from liver lecithin differs, according to Hartley,^ 

^ Jierickte, 1909, 1638 ; cp. A. Kohkr, Inauff. Dissert., Weimar, 1909. 

^ 'Arch. d. Phann., 1912 (250), 211. * Inaxig. Dissert., 1909, Stra.ssburg. 

« JouT,u /. Physiol., 1909 (38), 367. 

VOL I 
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from ordinary oleic acid in that it yields, on oxidation, a dihydroxy- 
stearic acid melting at 129-5® C. Further oxidation of this dihydroxy- 
stearic acid with a hot solution of potassium permanganate yielded no 
trace of pclargonic nor of azelaic acid. Hartley, however, found and 
identified amongst the products caproic acid, and also obtained (with¬ 
out, however, isolating tlie acid) some evidence as to the presence of 
a de<;amethylcne dicarboxylic acid. Hartley a.sci ibes to this oleic acid 
the constitution of a 6,7 oleic acid. This would, however, be con¬ 
tradicted by the constitution of petrosehnic acid as given above. 
Moreover, Hartley states that this acid does not yield a solid i.someride 
on treatment with nitrous acid, whereas the 0,7 acid de.scribed above 
as petrosehnic acid does yield a higher melting isomeride. 


Doeglk; Acid, ^19^30^2 

The existence of this acid, which is stated by Scliarlwy ^ to occur 
in Ar<-tic sperm oil as a dodecatyl ester, is doubtful. In BiilVs opinion 
(sec below) “ doeglic ” acid is a mixture of oleic and gadoleic acids. 


JEcoLEtc Acid, 

An acid of this composition is assumed by Heyerdahl to occur in 
cod liver oil,^ he having obtained a dihydroxyjecolcic acid (cp. p. 230) 
on oxidising cod liv'cr oil fatty acids with potassium permanganate. 
Jecoleic acid is stated to form at least 20 per cent of the li(|uid fatty 
acids in cod liver oil (cp. “ Gadoleic Acid ”). 


Gadoleic Acid, 

This acid occurs, according to in notable (juantities in cod 

liver oil, as also in herring and wliale oils. It was prepared by converting 
Lofotes cod liver oil glycerides into mcthylcsters by treatment with 
sodium methylate, and fractionation of the methylesters in vacuo. 
The fraction boiling between 223° and 225° 0. under 10 nim. jiressure, 
and forming about 15 per cent of the total methyh^sters, yielded on 
saponification an acid melting at 2'l-5° 0. The melting point remained 
unchanged even after repeated crystalli.sation from cold alcohol. 
The neutralisation value 180-5 and the iodine value 80-3 of tlie acid 
would seem to confii m the correctness of the formula 

By oxidation with potassium permanganate in alkaline solution 
at 0° C., dihydroxygadolcic acid is obtained. Bull is of the opinion 
thsit -Sckarling's doeglic acid is a mixture of oleic and gadoleic acids. 

The neutral, as also the acid, potassium- salts are very sparingly 
soluble in cold alcohol. 

The lead salt stands midway between oleic and erucic acids as 
regards its solubility in ether. 


’ Jonm./. prakt. t'hm., 1848 (48), ‘257. 
(Jod Licer Oil and Vhemistry, p. xcviii. 


^ Berkkte, 1906, 3574. 
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Erucic Acid ^ 

c^ii,.A=tvi„-cn 

I; 

H c.(Cjr2)u.cooii. 

Eiucic acid (discovered by Darbys in 1849), occurs in rape oil 
{Wehsky),^ in black and wliite mustard oils,^ in lish oils,^ wluile oil, 
and in cod liver oil; ® the solid glyceride in tlie oil from Tropwolum 
7najiis (Vol. 11. Chap. XIV.) is almost pure tri-erucin. The dried root 
matter of Bda ralyaris contains approximately 18’C per cent of erucic 
acid.’^ The formation of erucic acid from ligustrol has been referred 
to above (p. 1). Tlic acid crystallisos from alcohol in long, fine needles 
melting at 33'^-84° C. The following boiling points were ascertained 
by Krafft and Ndrdlingcr :— 

UoiliiiK' PoiiiU rn-ssiirn. 

iiniJ. Mrifiiry. 

17!).0 

2r * ir , . . .10 

2(54.15 

281.30 

Erucic acid much simulates oleic acid in its pro])erfies. Thus it 
absor}).s two atoms of brojnine or iodine. (The dibromide forms crystals 
melting at 4()'^-47'' 0.) Jt also assimilates one molecule of ozone.® 
Like oleic acid it forms a perozonido {Thieine^). With nitrogen 
peroxide it gives an addition product which yields on decomposition 
with liydrochloric acid, nonylic and brassylic acids (see p. 175). Nitrous 
acid, as also sulphurous acid and bisulphites under i)res8ure at high 
temperatures (cp. “Oleic Acid,” ]>. 181), convert it into its stereo- 
metrical isomeride, brassidic acid, 

Byheating with fuming hydriodic acid and phosphorus^® it is jcduced 
to behenic acid. Comj)letc conversion to behenhi acid is readily 
obtained by reducing with hydrogen in the presence of nickel 
{Leivkowifsch ^^). Melting with caustic potash splits it into acetic 
and arachidic acids. Oxidation with potassium permanganate yields 
dihydroxybehenic acid. By oxidation witli nilrh; acid, nonylic and 
brassylic acids are obtained. 

The dibromide of erucic acid yields on treatment with alcoholic 
potash, a behonolic acid, a homologue of stearolic acid (see p. 236). 
From the behenolicacid a kcto-acid and its oximes are obtained similarly 

^ Uelxtrmaim, ibid., 1893, 1869 ; cp. .aJ-so AlcxiUKlrolf .ami N. C. S.aytze(T, Jouni. f. 
prahl, Ohi-rn., 1894 (49), 63. “ Liebig's Ayinal., 1849 (69), 1. 

•* Jakrcsbt'richt Farlsi-h, d. Ohem., 18.53, 443 ; cp. also Reimcr ami Will, Jierichle, 
1886, 3320 ; cp. also “Yellow Acacia Oil,” Vol. JI. Chap. XIV. 

* The occurrence of erucic acid in grape seed oil (Fitz, JienchU’, 1871, 444) is doubt¬ 
ful ; cp. Vol. IJ. Chap. XIV. “(xrape Seed Oil.” 

5 Hull, Chem. ZeU., 1899, 996. Bull, lierichle, 1906, 3570. 

^ E. Neville, Jouni. Chem. Soc., 1912, 1104. 

® Cp. T. Weyl, Engliali patent 11,165, 1901. ^ Inaug. DisaerL, Kiel, 1906. 

G. Goldschmidt, HUzungh. d. K. K. Akad. d. IFwscJnc/i,, 1876 t72), ii. 366. 

Unpublished observatiou ; cp. also Chap. VIII. “ Erucic acid.” 
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as has been described above for oleic acid. These oximes are then 
broken down into pelargonic acid and 13 aminobrassylic acid on the 
one hand, and into octylaniine and brassylic acid on the other. By 
these reactions the constitutional formula above given is confirmed. 

The ammonium salt melts from 70°-77° C.; it is soluble in methyl- 
and ethyl-alcohol, sparingly soluble in ether, benzene, chloroform, cold 
carbon bisulphide, and carbon-tetrachloride {Falciola ^). 

The sodium salt of erucic acid melts at 230°-235° C. The lead salt 
is but sparingly soluble in ether, differing in this respect from lead 
oleate. 

Ethylesler, boils above 360° C. without decomposition. 


Brassidic acid, 


CgH^.CH, 

ii 

COOH.{CH 2 ),iCH, 


crystallises from alcohol in laminae melting at 65° C., and solidifying 
at 56° C.; it boils in vacuo at 180° C., and under a pressure of 15 mm. 
at 265° C. The acid stands in the same relation to erucic acid as 
elaidic acid does to oleic acid. By tj’catment witli phosphorus and 
fuming hydriodic acid it is converted into behenic acid.^ 

Sodium salt, melts at 245°-248° C. Tlie lead salt is sparingly soluble 
in hot ether. 

Ethylester, crystallises from alcohol in shining laminic, melting at 
29°-30° C., and boiling above 360° without undergoing decomposition. 


“ Isoerucic acid, is obtained by boiling iodo-behenic acid with 
alcoholic potash. The iodo-behenic a(ud may be prepared from either 
erucic or behenic acid ® {cp. “ Isoblcic Acid,” p. 190). Ponzio,* rejecting 
Saytzeff's formula CH 3 . (CH 2 )i 7 . Cllg. CH = CH. COOH,^ is of the opinion 
that the constitution of isoerucic acid is expressed by the same formula 
as that of erucic acid. 

Isoerucic acid crystallises from alcohol in plates melting at 54°-56° C. 
and solidifying at 52°-51° C. 

In view of the results obtained in the renewed investigation of 
isoolcic acid it is very likely that isoerucic acid also will be found to 
consist of a complicated mixture of isomeric erucic acids. 

Bromine in acetic arid solution yields dibromo-behenic acid which 
on treatment with alcoholic potash at 130°-140° C. is converted into 
behenolic acid, 0113 ( 0112 ) 7 . 0 : C. (CH 2 )iiCOOH. On heating “ iso- 
crucic ” acid with nitric acid, specific gravity 1*4, nonylic and brassidic 
acids, together with a small quantity of dinitrononane, are obtained. 

^ Oazz. chim. Uat., 1910, II. 435 (2ii<l fascicle of that year). 

^ (}. Oohlschmidt, SitzungHh. d. K. K. Akad. d. Whsenuch., 1876 <72), ii. 366. 

* Alcxaiidioir ami N. Saylzelf, Jinim. f. prakt. Chan., 1891 (49), .58 ; Saytzeff, 
ibid., 1891 (.50), 65. Qazz. chim. iUd., 1904 (34), ii. 60. 

^ Jwrn.f. prakt. C/tew,, 1892 (45), 301. 
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III.— Acids or the Series , 

(a) Open Chain Acids 
{a) Acids of the Linolic! Series 

The acida belonging to this series are characterised by their power 
of absorbing four atoms of halogen or two molecules of iodochlorido. 
According to Molinari,^ they assimilate two molecules of ozone.^ Hence 
these acids may be looked upon as containing two pairs of doubly- 
linked carbon atoms. Hydrogen in the presence of a catalyst reduces 
them to saturated acids. They readily absorb oxygen on exposure to 
the air; this important property is made use of in the arts {drying <yiU). 

Ry oxidation with potassium permanganate solution in the cold they 
yield tctrahydroxylated acids (see p. 232). 

Nitrous acid does not convert them into solid isomerides. (Difference 
from oleic and erucic acids.) 

The lead salts of these acids, like those of the oleic sejies, are soluble 
in ethei. The barium salts are readily soluble in ether containing a 
small proportion of alcohol (cp. Chap. VIII. Difference from acids of 
tlie oleic series). 

Linolic Acid, 013113202 ® 

Linolic acid occurs in considerable proportions in drying and semi¬ 
drying oils, and is most readily obtained from poppy seed, soya bean, 
maize, cotton seed, and sesame oils, by brominating their mixed fatty 
acids, preparing, by recrystallising from petroleum ether, the tetra- 
broniide of melting point 114° in a pure state, and reducing the latter 
with zinc and a methylalcoholic solution of hydx’ochloric acid. The 
methylester of linolic acid thus obtained is saponified in the cold with 
alcoholic soda or potash, and linolic acid is liberated from tlie soap by 
acidulating with a mineral acid [RoUeil). The acid is finally purified 
by distillation in, vacuo. Recent investigations have shown that a 
large number of non-drying oils (almond, araclus, olive), and even solid 
fats (hare fat, horse fat, lard) contain notable quantities of linolic acid. 

Reforumtzky^ claimed to have prepared the pure acid by hydro¬ 
lysing pure ethyl liuolato ; his “ linolic ” acid consisted, however, of a 
mixture of the unsaturated linseed oil acids (cp. “ Linseed Oil,” Vol. II. 
Chap. XIV.). 

Linolic acid is a water-white oily liquid, which remains fluid at a 
temperature of -18° C.; C. =0-9026; boiling point 229°-230° C. 

’ Berichte, 1908, f>85 ; 2782. 

2 Op. also Thieme, hiaitg. iiissert., Kiel, 1906. 

^ CJoldaobel {Journ. Russ. Phys. Chm. Soc., 1906 (38), 182) is of the opinion that 
the formula CH, (CUah.Cll^CH.CHj.CH =CH . (CHd);.COOH probably represents 
be.Ht the couatitutionof linolic acid, and finds confirmation 1910 (42), 65) in the optical 

properties, a second possible formula CH;,.(CHa)j.CIl = CH.CU = CH(CH 3 ) 7 .COOH 
requiring higher molecular refraction and dispersion than was actually found for hia 
"linolic” acid. These deductions lo.se, however, their weight in view of the fact that 
“ linolic ” acid ia moat likely a mixture of two linolic achls. 

■* Jauni, Boc. Uhew. Ind., 1890, 744. 
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under 16 mm. pressure, and 228° under 14 mm. pressure. It has a 
slightly acid reaction, and dissolves readily in alcohol and in ether. 
Nitrous acid docs not produce a solid isoineridc (important difference 
from oleic acid). Linolic acid absorbs oxygen rapidly from tbe atmo¬ 
sphere ; when exposed to the air in a tliin film it is converted into a 
solid resinous substance within a few days ; after more prolonged 
ex 2 )osure it forms a neutral body (frequently dcscilhed as “ linoxyn ” '), 
insoluble in ether. 

Linolic acid dissolves readily in concentrated sulphuric a(d<l ; the 
resulting sulpho-compound is insoluble in petroleum ether.^ The 
product formed by tlie interaction of equal molecules of linolic and 
sulphuric acids leads to tlie addition of two molecules of sulphuric acid 
to one molecule of linolic acid, so that lialf of the linolic acid remains 
intact (//. much as on treating linolic acid witli one 

molecule of bromine no dibromide is obtained, one-half of the linolic 
acid yielding lotrahromide. 

On hrominaling linolic acid with two molecules (4 atoms) of bromine 
in ethereal or chloroformic solution tlic cpystalline tetrabromide 
^ 18 ^^ 12 *ii^^^lting at 114°-U5° C. {Hazum) ; 114° C. {Lewkowitsch ); 
li3°-l]4° C. {Fanmleiney) separates out. Kxci^ss of bromine does not 
produce the hexahromostcaric acid obtainable from linolenic acid 
(j). 207); a certain quantity of linolic acid is, howewer, (amverted into 
another biomide, soluble in petroleum ether at tlie ordinary tempera- 
tiir(^‘* At a higher tenqxuatui-e more of the liquid tetiabromide 
appears to l)e formed. 

Bedford^ therefore expressed the o})inion that there exist two linolic 
acids, which he difTerentiates as a-linolic and )9-linolic acids ; of these 
a-linolic acid yields the solid bromo-derivativc, wliereas ^-linolic acid 
yields a lujuid bromo-dorivative (cp. Vol. II. Ciiaj). XIV. “ Linseed 
Oil ’'). But the experimental ])roof for this assertion is wanling. 
Rollef(^ obtained from ]>ure linolic acid in seveial ex])criments an 
amount of crystalline tetrabromide not exceeding 50 ])er camt of the 
theoretical yield, the remainder forming a ]i(jui<l tetrabromide!; from 
the latter a linolic acid can be obtained by reduction which }ields again 
tlie crystallised tetrabrejniide, melting at 113°'114°, but only to tbe 
extent of 26 per cent of the theoreticai quantity. Hence Eolhdt rejects 
the view that two isomeiic linolic acids exist, and rather favours the 
view, that on brominating linolic acid two stereo-isomeric bromides are 
formed, each of which should represent a racemic compound, resolvable 
into optically active onantiomorphoiis substances. 

These views arc hotly contested by Erdmann and Bedford', more, 
however, on the strength of their objections to HolleU's theoiy in con¬ 
nection with linolenic acid than on the strength of experimental evidence. 
The results obtained by oxidising “ linolic acid ” would, however, 

> mi., 1888, 680. 

' Twilclu'll, Ibif/., 1807, 100-1. ■' hifd'f/. l>inKni., Ziirirli, 1012. 

* (Jp. KfJ'oriiiafzky, Jnurn. f. inuikt. dhcin., 1800 {41), /i2t*; fluznni, Monatsh.f. 
<Jhe,n., 1888 (0), 180 ; Rollctt, keit. f. j,l,.i/.noL Chau., 1000 (62), 410. 

^ Inavtj. hissert., Halle a/S., 1906. <’ 11 . also Fokin, Xeils. f. FJektrochem., 1906, 

7r»9. ” Zeits. f. physinl. Chau., 1909, 410; 421. 
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point to the existence of two isomeric linolic acids in the “ linolic ” 
acid obtained from linseed oil {see below). 

The cnjstalline teirahromide, melting at 114° C., is easily soluble in 
ether, alcohol, benzene, chloroform, and glacial acetic acid, but is 
sparingly soluble in petroleum ether (important ditference from oleic 
acid, cp. Chap. VllL). By treatment with zinc and alcoholic hydro¬ 
chloric acid it is reduced to linolic acid. 

The liquid teirahromide is readily soluble in petroleum ether, for even 
after the removal of the bulk of the petroleum ether no cry.stalline 
compound se])arates out. MaUhcfi and Boltze} however, succ(^eded in 
obtaining .silky scales, melting at 54°'55° C., by evaporating the 
petroleum ether solution of the liquid tetrabromide to dryness and 
recrystallising the residue from methyl alcoliol. Aftcj- recrystallisation 
from ab.soluto alcohol these crystals have the constant melting point 
57°-58° 0. It would aj^pear that Farnsteiuer ^ had obtained already 
indications of this crystalline compound (cp. “ Telfairic Acid,” p. 2(K^). 

On oxidising linolic aci<l with a dilute solution of potas.sium per¬ 
manganate in the cohl, Hazara obtained tcti-ahydroxystearic (.sativi(^) 
a(ud, (cp. p. 232). Ilolleft ® obtairud on oxidising pure linolic 

acid 40-7 per cent of tetrahydroxy acid, melting at 15.')'' C. After 
reciystallising six times fiom alcohol, the me'ting point was still 156°- 
169°. By boiling the substance with 50 parts of benzene, where})y a 
v(uy small (piantity of a foreign substance was extracted, and after¬ 
wards recrystallising from alcoliol, .sativic acid, melting at 171°-173° C. 
was obtained. It wouhl thus appear that two isomeric tetrahydroxy- 
stoaric acids, the existence of which has been shown by H. Meyer and 
ll. Beer (see p. 233), had been obtained from one and the same linolic 
acid. 

FelerH and Beformatzhj claim to have obtained stearic acid by licating 
“ linolic acid ” with phosphoi us and hydi-iodic acid to 200° C. In view 
of Goldschmidt'.s experiments with oleic and erucic acids under the same 
conditions, no doubt need b(5 entertained as to thc.se observers having 
actually obtained .stcarii; acid. (The linolenic a(ud which their raw 
material contained would also have yielded stearic acid.) 

Linolic acid is readily reduced to stearic acid by hydrogen in the 
presence of a catalyst. 

Ammonium. Imolate melts at 57°-58° C.; it is easily soluble in methyl- 
alcohol, carbon bisulphide, carbon tetrachloride, chloroform, and warm 
benzene and acetone ; sparingly soluble in ether (Falciola).* 

Potassium linolate, CjgH-jiOgK, forms a white crystalline muss 
easily soluble in alcohol, less readily soluble in water. On exposure to 
the air the .salt becomes rapidly yellow; above 200° C. it turns dark 
brown with decomposition {H. Schoevfeld).^ 

The potassium salt of the tetrabromide, CjgH 3 |Br 402 K, forms a white 
crystalline powder, melting at 171° C., easily soluble in alcohol, sparingly 
soluble in water. 

■ Arch. d. Pharm., 1912 (2.^.0), 22.'!. 

Zeits. f. Unfers. d. Xahrgs- u. Geniixm., 1899, 19. 

* Zcits. f. physiol. Chem., 1909, 421. 

Oazr.. chim. ital., 1910, ii. 431. '* Inawj. Dissert., Ziiricli, 1912. 
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Tlio metallic salts of “ linolic acid ” are amorphous, with the 
exception of the zinc salt. Barium and calcium Unolates are soluble 
in boihng alcohol. The calcium, barium, zinc, copper, and lead salts 
dissolve in ether. Barium linolate is easily soluble in benzene and 
petroleum ether (important difference from barium oleate). The lead 
salt of the tetrabromide melting at 114° C., is sparingly soluble in cold 
ether and in benzene ; it dissolves easily in a mixture of two parts of 
benzene and one part of alcohol in the hot, and separates out in crystals 
on cooling. Linolates absorb oxygen more readily than does the free 
acid (cp. “ Driers,” Vol. III. Chap. XV.). 

Mcthylesier, obtained from the crystalline tetrabromide by treatment 
with granulated zinc and methyl alcohol containing hydrochloric acid 
gas (one tenth normal acid), distils at 221°-224° C. under a pressure 
of 35 mm., at 211°-212° C. under 16 mm., and at 207°-208° C. under 
11 mm. pressure. = 0-8886. Iodine value 172-3 (theory 172-8). 

For other isomeridcs of linolic acid, obtained by the action 
of heat on ricinoleic and rieinelaidic acids respectively, .see pp. 214, 
220 . 


Millet Oil Acid, 

The individuality of this acid, which is a.ssuined by Kassner ' to 
occur as a glyceride in millet seed oil (see Vol. II., “ Millet Seed Oil ”), 
is doubtful. 


Teleaikic Acid, C, 8113.^02 

This acid occurs in kocme oil; ^ and has been isolated by fractional 
distillation of its liquid fatty acids. It solidifies at 6° C. and boils at 
220°-226° C. under a pi-essm-e of 13 mm. By oxidation with potassium 
permanganate in dilute alkaline solution at 0° C. a tetrahydroxystearic 
acid, melting at 177° C., is obtained. Its tetrabromide melts at 
57°-58° 0. 

This melting point coincides with that of the tetrabromide de.scribed 
above (p. 199) under the heading of liquid telrahromide, and suggests 
identity of the products. 


El/eomaroaric Acid, Elaiostearic Acid, 

Elieomargaric acid occurs in tung oil (Chinese, and Japanese wood 
oil) and crystallises in rhombic plates melting at 48° C. (Cloiiz, Maquenne), 
43-8° C. (de Negri and Bburlati), 43°-44° C. (Kanietaka). It readily 
absorbs oxygen from the atmosphere and is thereby converted into a 
resinous mass.® In an alcoholic (or ethereal) solution the acid remains 
unchanged if protected from light; on exposure to light, however, 
crystals melting at 71° C. are deposited from the solution. These 

* Journ. Chem. Soc., 1888, Ahstr. 673. ylro/t. d. I'/iarm. 22.'), 1081. 

" Tliomtvs, Arch. d. Pham., 1900, 238, 48. 

^ C’p. Kitt. Chem. Revue, 1904, 1190. 
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. crystals have the same composition as elseomargaric acid. ■ According 
to Maqiienne,'^ the higher melting acid, termed by Cloh eljeostearic acid, 
is a stereometric isomeride of elceomargaric acid, and stands to it in the 
same relationship as does elaidic acid to oleic acid. Maquenne ascer¬ 
tained that the eljeomargaric acid to which Clo'ez had ascribed the 
formula C 17 H 30 O 2 , contained 18 carbon atoms and assigned to it the 
formula CigHg^Og. He proposed to term “ clieomargaric acid ” “ a-elseo- 
stearic acid,” assigning to the isomeride melting at 71® 0. the name 
j 8 -ela)ostearic acid. 

The author has not adopted tlie name eUoostearic acid, as it was 
found in his laboratory ^ that the composition as expressed by the 
formula CigH 3 Q 02 must be incorrect, ina.smucli as no ethci-iiiHoluble 
bromide could be obtained from tung oil. Later on, Kaviefaka ^ showed 
that the true composition of tlie acid is CjgllggOg. Tlie acid must be 
considered a stereoisomeridc of linolic acid, since on broniination it 
yields a tctrabromide, identical with the crystalline tetrabromide 
obtained from linolic acid. 

On oxidising elicomargaric acid with potassium permanganate 
KametoJea^ obtained di hydroxy stearic acid, azelaic acid, and an unknown 
crystalline-substance melting at 123®-12D® C., soluble in water and 
alcohol, but insoluble in ether. Sativic acid .vas not found ; in Kaine- 
taka's opinion tiiis is probably due to the temperature during oxidation 
having been too high, the sativic acid at first formed liaving been 
furtlier oxidised *0 azelaic acid. 

Treatment of elscomargaric acid with five times its weight of con¬ 
centrated sulphuric acid yielded no definite products. As tliis behaviour 
differs from that of behenolic and stcarolic acids, which contain trebly- 
linked carbon atoms, liamelaka draws the conclusion that ela3omargaric 
acid contains no triple bond. 

A more recent examination by Majima confirmed the (composition 
OigllagOg, and therefore the name “ elieoslearic ” may be acceptable. 
The eifcDostearic ” acid, prepared by Majima, following Kameiaka's 
directions, melted at 48^-49® C., and boded under 12 mm. pressure 
in an atmosphere of carbon dioxide at a temperature of 235® 0. 

Elaeostearic acid, treated in chloroform solution with ozonised air at 
0® C. until bromine is no longer assimilated, absorbs two molecules of 
ozone {Majima yielding the ozonide CjgHgjOg. This ozonide is decom¬ 
posed, by boiling with water, into w-valeraldchydc, normal valeric acid, 
the semi-aldehycle of azelaic acid, and azelaic acid. The conclusion de¬ 
rived therefrom that elaeostearic acid has the constitution CHg (CHglgCH 
-CH.(OH 2 ) 20 H = CH(CH 2 ) 7 .COOH is, however, no longer maintained 
by Majima.^ By reducing elajostearic acid by means of an electric 
current, Fakin'^ obtained stearic acid. This acid was obtained in 
quantitative yield by catalytic reduction {Majima and Okada).^ 

^ (Ji>iiipt. reiuL, 1902 (135), 696. W.ilker anil Warburton, Analt/st, 1902, 237. 

^ Journ. C/ietii. ,Soc., 1903, 10-12. 

* Journ. Coll. iUcien. Imp. Vnio. Tohjo, 1908 (25), Art. 3. 

® Berichte, 1909, 674. 

** Jbid., 1912, 2730. Cp. also R. S. Morrell, Joum. Chem. ‘‘•'oc., 1912, 2083. 

^ Zr.its, f. KUktrochem., 1906, 769. 
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Fokin ^ recently proposed the following constitutional formula for 
eheostoaric acid:— 

CHg. (CHj),. CH CH. CH = (CHj^COOH 

Methifleder, decomposes on warming, becoming dark coloured and 
giving off a disagreeable odour. 

Ethylesler, distils at 230”-240‘’ C. under a pressure of 25 mm. 


{/?) Acids of the Turiric Scries. 

Acids belonging to this series are isomeric with those of tlie linolic 
.series, but differ most essentially from them by containing one triple 
bond. Hitherto only one repre.sentative of this .series has been found in 
nature, viz. taririe acid. 

This acid absorbs four atoms of bromine to form a saturated a<'i{l. 
The formation of a di-iodide is only effected by agitating witli iodine 
in a solution of glacial aeetie acid at 50'’' or OO'^ C. ; a tetra-iodo addition 
product could, however, not be obtained. With IJiihl's solution only 
one molecule of iodo-chloride is absoi-bed. This a])])ears to be a char¬ 
acteristic ]>roperty of fatty acids having a tri])le bond, and would seem 
to allow to distinguish them chemically from the isomeric linolic acids 
liaving two double bonds. In this and in oihe;!’ respects taririe acid 
simulates completely the acids of the “ stearolic .scuies,” whicdi are 
dealt with separately, as they arc not found in nature. 

The (piestion whether taririe acid is identical with stearoli<‘ acid, 
is denied l>y Griitzner ^ not only on account of the difference in their 
melting points (stearolic- acid melts at 48'" C.), l)ut also l)ecause of the 
difference of their bromo-derivatives and of tlm solubilities of their 
res})cctivc salts. Arnaud and Hasenfratz also deny the identity of 
stearolic acid with taririe acid, as the former yields on oxidation (with 
nitric acid), pelargonie and azelau’ acid, whereas taririe acid leads to 
lauric and adipic acids. 


Tahirk’ Acid, CjsHagOg^OHa.(CTl2)ioC = 0(01(2)4.COOIl 

Taririe acid has been found ® in the oil from the seeds of the Ouate- 
malan " Tariri,” Picraninia Aublet, in the oil from Piciamnia 
Camboita, Engl.,‘* and in the oil from Picrantnia Lindeniana, Tulasne. 
In the last-name<l oil it occurs to tiie extent of 20 per ceut.^ It molts 
at 50’5'^ C. and absorbs four atoms of bromine ; tlic tetrabromidc melts 
at 125° 0. The dibroniide of taririe acid, 0jgH32Br2O2, melts at 32° C. 
{Arnaud,^ Orulzner). 

By reduction of taririe acid with hydriodic acid and amorphous 
phosphorus, stearic acid® is obtained. By oxidation with fuming 

' .h.om. Rhhh. PIo/s. Chan. .Soc.. 19K3 (46), 28.3. 

" (iriitzner, Chan. ZeM., 1893, 879, ISf)]. •' (hmpl. raid.., 1802 (114). 70. 

■* Grutziier, Cltem. Zeit., 1893, 879, 18.'»1. (Jriumio, Chan. Prv.., 1912, .01. 

® AriiautI, Cnmpl. rend., 1896 (122), 1000. 
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nitric acid, lauric and adipic acids are formed. Hence Arnaid ^ ascribes 
to tariric acid the above given constitutional formula. 

By oxidation with potassium permanganate Arnaud and Hasenfratz 
obtained lauric and glutaric acids on the one hand and undecylic and 
adipic acids on the otlior, the pro])ortion of the twogroujis of oxidation 
products being approximately of 4: ]. By carefully regulated oxidation 
the diketonic acid — taroxylic acid - - CITy. (CHjI^q.CO • CO. (0 H2)4 
COOH, is obtained. 

The polassiuni salt is only slightly .soluble in 98 per cent alcohol, 
100 parts of tlie lattei- dissolving 2-48 parts at C. 

The hariuni salt is amorplious and ?-emains stable up to 180^ C. ; it 
is very slightly .soluble in boiling alcohol. 

The silver .salt ciystallises in fine needles. 

Tariric di-iodide, CjyH3.2l202, is obtained by allowing the theoretical 
quantity of iodine to act on a .solution of tariric acid in glacial acetic 
a(4d solution. It cry.stallises (from alcohol) in fine coiourle.s.s maulles, 
melting at 48aT' C. The ammonium salt crystallises in long hard 
needles which are slightly soluble in cold alcohol (ditferonce from 
di-iodo-stearolic acid). By jc^duction with, zinc and hyilrochloric aci<l, 
the iodine is easily removed with regeneration of the original tariric 
acid {Arnaml and Foslernak“). 

Tariric monohydriodide, i.s obtained by ])a.ssing one tnolecule of 
hydriodic a(ud through melted tariric acid. By reduction with zinc 
and glacial acetic acid it yields tarelaidic acid’^ (<■[>. above). 


(h) Ctfclic Acids—Acids of the Chaulihooyric Series 

The acids belonging to this grou]> dilfer from the open chain acids ” 
in that they are cyclic C()m])ounds, and therefore contain only one pair 
of doiihly-liukod carl)on atoms. lu accordance therewith, they absorb 
two atoms of bromine or iodine. From an exhaustive study of these 
acids, especially of theii- oxidation products (see below), BarrowcUff and 
Boivcr '^ arrive at the conclusion that the constitution of the.se ai-ids 
must be (‘xpressed by the following tautomei-ic formula?:— 


ClI ■ 

/ \ 

CH CH(CH..)/10()n 

I I 

orfj —cHj 


CH., 

/ \ 

Oil —C(CIl2)„C00H 

I I 

CHj—CHj 


whicli may be siiinmari.sed by tlio following formula, in which the 
dotted line.s indicate the state of equilibrium between one hydrogen 
atom and two carbon atoms : - 


' Ariiaiul, Vomiit. reiul., 1802 (134), 473, 842; I'l). also Ainaud and Hasenfratz. 
mt., 1911 (152), lliOS. 

= Compt. rend., 1909 (149), 220; t'reueli ]iat™i 407,412; KiiKli.sli patent 24,721, 
1909 ; U.S.A. Pat. 982,656 ; Arnand and Postenink, F. Ilollmann- U lioche and Co. 

^ Arnaml ainl Postcniak, (Jompt. rend., 1910 (150), 1130. 

^ Jonrn,Cheni. ISoc., 1907, 577. 
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/ : \ 

CH—H...C(CH2)„C00H 

I I 

CH^-CH^ 

These acids are remarkable on account of their property of rotating 
the plane of polarised light. Several homologues belonging to this 
series exist in chaulmoogra, hydnocarpus, and lukrabo oils (see Vol. II. 
Chap. XIV. “ Chaulmoogra Oil Group ”). Hitherto only the two 
following homologues have been prepared in a pure state. 

Hydnocarpic Acid,’ CiglljgOj 

Hydnocarpic acid was isolated from the mi.xed fatty acids of hydno¬ 
carpus oil by crystallisation from alcohol. The acid also occurs in 
chaulmoogra and lukrabo oils in association with chaulmoogric acid. 
It crystalluses (from alcohol) in the form of lustrous leaflets, melting at 
5'.)"-60° C., sparingly soluble in the usual organic solvents in the cold, 
with the exception of chloroform, which dissolves the acid easily. 
[aJ„=+68-l°. Like chaulmoogric acid, it undergoes a change on 
keeping, acquiring a yellow colour ; at the same time the melting point 
is lowered. If it be then distilled under dimini.shed pressure, a brown 
re.sinoua substance is left in the distilling flask. This change takes 
place more readily with hydnocarpic acid than with chaulmoogric acid. 

On o.xidation in alkaline solution with an excess of potassium 
permanganate, there are obtained: n-decanedicarboxylic acid (CH 2 )io 
(C00H)2 and a tricarboxylic acid melting at 60° C., most likely having 
the constitution of a rt-tridocanc-aa’y-tricarbo.xylic acid, C 02 H.(CH 2)2 
CH.(C00H)[CH2 Ji|)C02 H. Hydnocarpic acid is not attacked by 
melted potassium hydrate, even at 250° 0. The aqueous solution of 
the sodium salt is at once decolourised by potassium permanganate in 
the cold. 

Methjjlester, colourless oil, boiling at 200°-20.3° C., solidifying to 
colourless crystals, melting at 8° C. [ 0 ],,= I 51-6°. 

Chaulmoogric Acid, C 18 H 32 O 2 

This acid ^ occurs in chaulmoogra, hydnocarpus,' and lukrabo oils. 
It is obtained from the mixed fatty acids of chaulmoogra oil by crystal¬ 
lisation from petroleum ether, followed by distillation under diminished 
pressure and recrystallisation from alcohol. It crystallises in colourless 
glistening leaflets, melting at 68° C. when freshly distilled, and boiling 
at 247°-248° C. under a pressure of 20 mm. [ 0 ],,= +62-1° in chloro- 
formic solution.® After keeping for some time the specific rotation 
somewhat diminishes and the acid acquires a yellowish colour. If it be 
then again distilled, a dark brown substance is left in the distilling flask. 

‘ Power and Rarrowcliff, ibid., 1905, 89.5 ; Harroweliff and Power, ibid,, 1907 577. 
Power and (Joniall, Juuru. Vhem. Sai-., 1904, 853. 
llarrowcliir anti Power, ihid.y 1907, 566. 
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On treating chaulmoogric acid with hydrobromic acid in glacial 
acetic acid, bromodihydrochaulmoogric acid, CigHggBrOa (melting at 
36^-38° C.) is formed. This acid is optically inactive. By reducing 
chaulmoogric acid with zinc dust and alcohol, dihydrocliaulmoogric acid, 
^ 18 ^ 34^2 (inciting at 71''-72'' C., and boiling at 248° C. under a pressure 
of 20 mm.), is formed. This is a saturated acid, and is also optically 
inactive. The same acid is obtained by treating chaulmoogric acid 
with hydriodic acid and phospliorus, a hydrocarbon chaulmoogrene, 
^ 18^34 193°-194° C. under 200 mm. pressure), being obtained 

as a by-product. Chaulmoogric acid is not attacked by fused caustic 
alkalis, even at 300° C. On oxidising chaulmoogric acid in tlie cold with 
an alkaline solution of potassium permanganate equivalent to two or 
three atomic proportions, two isomeric a(*ids are formed; a-dihydroxy- 
dihydrochaulmoogric acid (melting at 105° C.; [a]i,--i-U-6°), and 
jS-dihydroxydihydrochaulmoogricacid (melting at 93°('.; [a]„ -14'2°), 

at the same time formic acid is ]>roduced. On oxidising chaulmoogric 
acid with an excess of potassium permanganate in alkaline solution a 
tricarboxylic acid, CjgHjjOg, melting at 68 ° C., is obtained, togetlier 
with n-dodecancdicarboxylic. acid, [Cir 2 li 2 (C 02 H) 2 , a smaller quantity 
of a M-undecanedicarboxylic acid, [CH 2 ]ii(r 02 H) 2 , and still smaller 
quantities of oxalic and malonic acids. 

On allowing sodium to act on chaulmoogric acid in amyl alcohol solu¬ 
tion in the hot, chaiilmoogryl alcohol, CigH^gOH (melting-point 36° C.; 
[aJi,—-l-38-4°) and chaulmoogryl chaulmoograte, Ci 7 H 3 i. 002 . 0 igH 33 
(melting point 42° C.) are obtained, together with unchanged chaul- 
inoogric acid. 

Methylester, molts at 22° C., boils at 227° C. (corr.) under a pressure 
of 20 mm.; ^ 0-0119; [ajl?- +50° in cliloroformic solution. 

Etkylester, a colourless oil, boiling at 230° C., under a pressure of 
20 mm.; 0-9079; [a]o = +50-7°. 


IV.— Acids op the Linolenic Series C,jH2„-e^2 

The acids of this scries assimilate six atoms of bromine, or three 
molecules of iodochloride. This might be duo to the presence of two 
pairs of trebly linked, or of three pairs of doubly linked carbon atoms. 
Since linolenic acid absorbs three molecules of ozone (Molinan), it may 
be assumed to contain three pairs of doubly linked carbon atoms. 
Linolenic acid can be reduced to stearic acid ; hence a straight chain of 
eighteen carbon atoms must occur in the molecule. 

These acids readily absorb oxygen from the air, a property of which 
extensive use is made in the arts {drying oils). 

The lead and barium salts are easily soluble in ether. Nitrous acid - 
does not 5 deld solid isomerides. With regard to the separation of these 
acids from those of the other series of unsaturated acids, see Chap. VIII. 
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Linolenic Acid, OjgH-jQOg ^ 

Linolenic acid occurs in iiotablo quantities in alt vegetable drying 
oils, especially in linseed oil (cp. Vol. II. Chap. XIV. “ Drying Oils ”). 
The acid was first prepared by Hazum^ from the crystalline hexa- 
bromide^ obtained by brominating the mixed liquid acids of lin.seed 
oil (cp. Chap. VII1.). This hoxabroniidc (see description below), 
yields linolenic acid by reduction with zinc and alcoholic hydrochloric 
acid. The acid obtained by Hehner and MikheW^ was a n<?arly colour¬ 
less oil, of the specific gravity 0-9228 at 15-5*^ C. (water at 15-5" C. = 1), 
and is stated to have a fishy odour. Bedford prepared it by boiling the 
hexabromide with alcohol and rasped zinc (wlicreby the bromine is 
removed in about one hour). Thi.s acid was an almost colourles.s oil of 
a faint, but not unpleasant smell (not recalling that of fish); it was also 
prepared by the reduction of the ethyle.ster of hexabromo-linolenic. acid 
(see below). It distilled in vacuo (0-001 to 0 ()()2 mm. pr<'ssure, rise of 
vapours above tlic li(|iiid 75 mm.) at 157‘^-158'^ C. without undergoing 
decomposition. Linolenic acid, p]e[)ared by Rolletl by saponificat ion 
of the methylester boiled between 230"" and 232'^ C. at 17 mm. pres.sure, 
and had d'f = 0-!)Ul. 

Erdmann and Bedford assume the oxi.stencc of two linolenic acids, 
wdiich they differentiate as a- and )9-litioloni(: acids. In their view 
a-linolenic acid is the acid occun ing in linseed oil, and yielding quantita¬ 
tively the cry.stalline liexabroniido melting at 180° C. Since the 
“ linolenic acid ” from this hexabromide yields, on rebromination, only 
23 per cent of the original hexabromide, Erdmann and Bedford assume 
that the remaining 77 per cent consist of a “ )3-linolenic ” acid, a liquid 
acid, which was assumed to alrsoifi four atoms of bromine only. (This 
liquid tetrabromide had been looked upon by Hazara as an other- 
soluble “ isolinolenic hexabromide”.) 

Erdmann, Bedford, and liaspef regarded as a confirmation of their 
tiieoretical views the fact, that the ‘‘ linolenic ” acid obtained by the 
reduction of the crystalline hexabromide yields two liiiolcnic-acid- 
ozonides, CjgHgoO^i, which could be differentiated from each other by 
the velocity with which they are decomposed by water. That ozonide 
which is decompo.scd at the ordinary temperature is looked upon by 
them as a derivative of a-linolenic acid. 

Both linolenic acids are, therefore, in the opinion of Erdmann, 
Bedford, and Raspe, stercoi.somerides, and thus simulate, as regards their 
constitution, oleic and elaidic acids respectively. 

In the author’s opinion, liowever, no decisive value can be a.scribed 

* (rol<lsol«‘l {Journ. Hvsn. iniifs. Chfin. 1010 (42), .'">.‘1), .suggests the con¬ 

stitutional formula Cll(O.^lls) = I -Cll^ .Cll — ('ll - -CJI ~Cil .(('IJ.^VCOOlI. 

- Journ. S<n:. Chew. Ind., 188 H, 

^ 0. Siis.seiigutli,C'/irwo, 18G.'», .G63. FortheconllictingstateinentH 

puMi.slied in the older literature of this subject, cp. tlie 4th edition of thi.s work, 1909, 
Vol. I. p. 100. 

Anahisi, 1898, 313. '' lloppe.-Scyhr s Zdts.f. jJnjsiol. Chnn., 1909 (62), 424. 

® Berichtc, 1909, 1328; 1334. Hoppe-iScykr's Zdis. f. physiol. Vhem., 1910 (68), 
76; Erdmann, ibid., 1911 (74), 180. ’ Berichte, 1909, 1334. 
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to these facts for they are, as a proof, of the same order and value as 
that derived from the bromides. 

Rollell^ rejecting the view that ^S-linolenic acid is a chemical in¬ 
dividual, explains the fact that only about ner conf i,„ T - j 
are obtained from linolenic acid prepared by reduction of the crystenine 
hexabroinide, by assuming that on brominating linolenic acid four 
difleient hromo-addition products can he obtained (each of which can 
be resolved into two optically active isoinerides). If, then only Z 
isoineride is crystalline, the yield of 23 per cent would be I’eaS e” 
plained Moreover, showed that the liquid tetrahromide con 
sidered to be a derivative of S-linolenic acid w , 

substance, which absorbs more bromine finally vieldinraT'***!™*'^' 

of ^-Iinolenio acid and the occurrence of /i-linolenic in lin-o^i 1 

beingestahlished, tl. existence of the ^-linlS^^ 

as hypothetical. (For the controversial papers nublisherl lor I,’u 
ami 7fe7/«rd on the one hand and Hollett on the other, the reader Zlst 
be referred o the originals and to the critical summaries g yen L e 
authorin the Jahrbueh der Chemie.) ^ 

The proiierties of a-linolenic acid as probably representing the purest 
acid prepaied hitherto, are given here according to£>a!,««„„’Ztateuicuts 
a-Linolemc acid, prepared from its zinc salt (see below) is at the 
ordinary temperature, a water-white mobile liquid, soluble n I’o parte 
of petroleum ether ; when this solution is cooled to a low temperaZie 
the acid separates m the form of a white solid precipitate. It Talso 
soluble in alcohol and ether. d^-O-OOIfi (another preparation a few 
days old and. hence, undoubtedly oxidised gave (/-'=0-9218). On 

standing the acid becomes oxiilised easily, whilst the specific gravity 
uses and the iodine value, of course, falls, ^ ^ 

In ErdmaHu’, opinion the increase of the density may be also due 
to polyinerisatiou ; this, however, must be left an open question^as 

sllpport! to further 

On brominating the liquid linseed oil fatty acids a crystalline hexa 
bromide, melting at I80;-182° (Hehner and MMell; Rollu), Ido'-lZ' 

183 (UwMoM), lir-mr (Bedford), is obtained.^- It has been 
pointed out already that on reducing this hexahromide and re-brominat- 
g It, only about 23 per cent of the theoretically possible hexabromide 
are recovered. RolkU theoretical explanation has been given above 
he a-linolenic acid obtained by Erdmann from linseed oil linolenic acid 

theo^'etiVflr ‘ bromination, the full 

theoietical yield of hexabromide melting at 180° C. It would seem 

necessary to complete the chain of evidence based on this fact by 
Erdmann, by reducing the hexabromide thus obtained to linolenic acid^ 
again bromiimte it and determine the yield. * 

^ i^io ( 70 , lot. 

131 .nU ir., co..M„r 177“ as the 
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In the filtrate from the insoluble hexabromide, a liquid bromide is 
found, which wa.s looked upon by Hazura as the ether-soluble “ isolin- 
olenic hexabromide.” 

This liquid bromide appeared to Erdmann and Bedford to bo a tetra- 
bromidc, and thus seemed to confirm the view that a and ^ linolenic 
acid did exist. RoUett, however, showed that this hypothetical tetra- 
bromide still absorbed bromine, finally yielding a liquid hexabromide. 

In view of the importance attaching to the beh.aviour of the crystal¬ 
line hexabromide, the following derivatives of “ a-linolenic ” acid are 
described:— 

Potassium hexahromo linolenale, separates from a hot mixture of 
benzene and alcohol as a crystalline white powder (Bedford). 

Barium hexahromo linolenale, obtained by shaking hexabromo- 
a-linolenic acid with an exce.s3 of baryta solution (Bedford). 

Methylester, melting point 157“-1.’)8° C. (Bedford). 

Elhylesler, melting point 151-5°-l52-.'>° C. The ester can be obtained 
by brominating the ethylester of “ a-linolenic ” acid (Bedford). 

Trichhro-lriiodo-stearic acid, Cj 3 H 3 (,OoCl 3 ,f 3 , obtained from a-linolenic 
acid and iodomonochloride forms colourless crystals melting at 146° C. 
The acid can be prepared direct from crude linseed oil fatty acids by 
cooling them to -18° C., removing the solid fatty acids and treating the 
filtrate with iodomonochloride in glacial acetic acid solution (Erdmann). 

Trihromo-lriiodo-slearic acid, CjjHggOjBrj.lj, prepared from crude 
linseed oil fatty acids and iodonionobromide forms crystals melting at 
121°-126° C. By shaking with lime water the calcium salt, (CjjILjOj 
Brj.ljljCa, is obtained (Erdmann). 

The statement made by Peters and by Reformatzhj, that linolenic 
acid can be reduced by fuming hydriodic acid and red pho.sphorus to 
stearic acid, although it could not be confirmed by Bedford, need not 
be doubted in view of Goldschmidt’s experiments with oleic and crucic 
acids, as both linolic and hnolenic acid contained in the linseed oil 
fatty acids, with which Peters and Reformatzhj worked, would yield 
stearic acid. Linolenic acid is, however, converted quantitatively 
into stearic acid by reducing it with hydrogen in the presence of finely 
distributed nickel (cp. Vol. III. Chap. XV. “ Conversion of Oleic Acid 
into Stearic Acid ”). 

Linolenic acid absorbs oxygen rapidly from the atmosphere and 
acquires thereby a dark brown colour. It absorbs 3 molecules of 
ozone farming well-defined ozonides. Two ozonides obtained by 
Erdmann, Bedford, and Raspe have been mentioned above. On de¬ 
composition with water both ozonides yield the same products, viz. 
propionic aldehyde, malonic acid, and the aldehydes of malonic and 
azelaic acids. 

By oxidation with an alkaline .solution of potassium permanganate 
in the cold, Hazura obtained twq hexa-hydroxystearic acids, termed 
by him linusic and isolinusic acids respectively. This result seemed 
to point to the existence of two isomeric linolenic acids. Since, however, 
RMett has shown that by oxidation of the linolenic acid, obtained 
by reduction of the crystalUne hexabromide, linusic acid as well as 
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isolinuaio acid are obtained, the evidence resting on the existence of two 
hexahydroxy acids becomes inconclusive, Rolkil’s (see above) theoretical 
views being equally capable of explaining the formation of two isomeric 
oxidation products. 

- The most important salt of linolenic acid (which served for the 
preparation of the pure acid) is the basic zinc salt (CjgH2902)2Zn + JZnO, 
melting at 72°-73° C. 100 c.c. of an alcoholic solution saturated in the 
cold contained 0-8924 grin, of the salt; 100 c.c. of the solution satur¬ 
ated in the hot contained 6-170 g. 

Melhjlesler, obtained by reduction of the crystalline hexabromide 
with zinc in a methylalcoholic solution of hydrochloric acid gas (Hollell^). 
The ester boils at 207° C. under 14 mm. pressure ; d“ = 0-8919. 

EthyUster, boils at 132°-133° C. under a pressure of 0-001 mm. 
)i^ = 1-46753. This ester was obtained by reducing the ethylester 
of hexabromolinolenic acid (Beilford). On reducing it with hydrogen 
in the presence of nickel, ethyl stearate is obtained. The ester fur¬ 
nishes on ti-catraent with ozone in chloroform solution a perozonide 
(“ a-perozonide ”)?• 

The existence of Isolinolenic acid, CjglljjOj, was inferred by Hazura ® 
from the fact that he obtained, on oxidi.sing the mixed linseed oil acids 
with potassium permauganate, “ isolinusic ” acid (see p. 233) in addition 
to linusic acid. Bedford expressed the opinion that the oxidation 
product consisted of a complicated mixture of different substances 
which cannot be resolved into its several constituents (cp. “ Isolinusic 
Acid ”). Although the individuality of isolinusic acid has been estab¬ 
lished by other observers, Bollett shows that there is no reason for 
concluding therefrom that an isolinolenic acid does e.xist (see above). 

Jecoric Acid, CijHjjOj 

EahrioH* assumes the existence of this acid in sardine oil on the 
strength of analyses of the barium, calcium, and magnesium salts. 
Other analytical data, however, such as ultimate analysis, neutralisa¬ 
tion number, and iodine value, do not agree with those required by 
theory. Nor does jecoric acid conform to llazura's rule, inasmuch as 
it does not yield a hydroxylated acid on oxidation, volatile acids and 
carbon dioxide only being obtained. It appears to the author that 
this hypothetical acid i.s nothing else than impure clupanodonic 
acid (see p. 210). 


* J/oppe-Sei/h'/.s Zdfs./. ph;/.sin/(H/. C/ieiii., 1909 (fi'J), 

- Urdmuiiii, Bcdlbrfl, iiinl Raspe, Ikruiife, 1909, 133(5. 

^ .fount, Soc.Chein. Iiitf., 1888, 500. '* Jbid., 1893, 933. 
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V.— Acids of thk Series ‘CuHgH-gOa. Acids of the 
Clupanodonic Series 

IsANic Acid, C14H20O2 

Isanic acid ^ is stated to occur, to tlie extent of about 10 per cent, 
in the oil from tlie seeds of FSano or Ungueko (a large tree of the 
OleacccD family, growing in the French Congo). 

The acid was obtained in the form of foliated crystals (from ether) 
melting at 41° C., readily soluble in strong alcohol, ether, chloroform, 
benzene, acetone, methyl alcohol, and petroleum ether. Its odour is 
peculiarly characteristic of the seeds themselves. The acid is extremely 
susceptible to change of colour on exposure to air, turning thereby 
rose-red, the tinge deepening with the increased absorjitiou of oxygen. 
The oxidised rose-coloured substance is insoluble in ether. 

The existence of this acid is veiy doubtful, although its formula 
lias been derived from analyses of the acid itself, as also of the silver 
and barium salts. The cryoscopic determination of tlu^ molecular 
weight gave 217 {Cj 4 Tl 2 ^,Ojj = 220), but the acid absorbed only about 
2 molecules of bromine. Reduction of the acid by means of liydriodic 
acid did not lead to conclusive results. 

The existence of l/ierapic ac'ul, 0,7110602, in cod liver oil (to the extent 
of 20 per cent) is inferred by lJe//enIalil ^ from a liromine jiroduct, 
obt'dned on brominating tlic cod liver oil fatty acids. 
(The name was intended to express his opinion that tlie acid plays the 
most important part in the therapeutical effect of cod liver oil.) In 
the author’s opinion thciapic acid is identical witli clupanodonic acid. 

The thcra]>ic acid described by HeUluschka and Rlieltiherger ® and 
its tetrachloro-tetraliromo and tetracbloro-tetraiodo derivatives are 
in the author’s opinion nothing else than clupanodonic acid and its 
addition products respectively. The author * has pointed out that 
the analytical data agree Ijetter with an acid having 18 carbon atoms 
than, as claimed, an acid of 17 carbon atoms. 

Clupanodonic Acid,® CjgllogO.^ 

Clupanodonic acid (Japanese, iwashi san) has been obtained from 
its octobromide by reduction with zinc and alcoliolic hydrochloric acid. 
The acid occurs in the mixed fatty acids from Japanese sardine oil, 
herring, whale (dab and green turtle) oils, and appears to be a char¬ 
acteristic constituent of all fish, liver, and blubber oils. It is a pale 
yellow liquid having a fishy smell. On exposure to the air it easily 
becomes oxidised, changing to a dry, varnish-like mass in the course of 
a few days. This mass is undoubtedly an “ oxidised clupanodonic 

' Joum. Soc. C'hem. 181)6, 660. * Cod Liver Oil and Ch^miatry, p. xcv. 

^ Phonn. XenlraU)., 1911, No. 32. ■* JakrhHChd. Chmie., 1911, xxi. 44r). 

® M. Tsujimoto, Jonnt. College of Eng., Tokyo Imp. Uuiv., 1906, vol. tv. No. 1, 
1908, No. 5. 



in 


HYDROXYLATED ACIDS 


211 


acid ” which had been first observed by the author (see Vol. TI. Chap. 
XIV. “ Marine Animal Oils ”). 

Clupanodonic octohromde, Cign2g02Brg, is obtained })y brominating 
a glacial acetic acid solution of the mixed fatty acids of fish, liver, and 
blubber oils, and washing the precipitate with a large quantity of ether 
until the washings leave no residue. The bromide forms a white powder 
which turns slightly grey on drying at 100® C. It is very sparingly 
soluble in ether, alcohol, and glacial acetic acid, even in the hot, more 
readily soluble in liot benzene. It does not melt below 200® C. (differ¬ 
ence from lioxabrumolinolenic acid). At this temperature it blackens, 
and on further heating is decomposed without melting. 

Ill tlie author’s opinion “ jccoric ” acid and “ therapic ” acid are 
nothing else than (impure) clupanodonic acid. 

Ahai'hidonic Acid, 020113203 

The existence of an acid of this composition is inferred ^ from 
the formation of octobronioarachidic acid (sec Chap. VIII.) and octo- 
hydroxy arachidic acid obtained re.spectivoly by the broiiiination and 
oxidation of the unsaturated fatty acids in liver lecithin. haHardeij 
has not named tliis acid the author suggests the term aradikhnic acid. 

Acids having the forniuhe O. 20 H 32 O 2 and 02411,1002 are assumed by 
Bidl to occur in herring oil; Tsajiaioto, liowever, was unable to 
identify them therein. 


VI. -Hydroxylated Acids, C,jH2,^03 

Saiunic Acid, Ci2H2403-CH2(OH)-(CH2)io.OOOH 

Sabiiiic acid occurs, together with juniperic acid, in the waxy 
substances obtained from the leaves of Jmiiperus Suhina [Boagaidt 
and Bourdier ®). It has not been found in the waxy substances from 
the loaves of otlier coniferous plants (see p. 68 ). The separation from 
juniperic acid is based on the insolubility of the sodium salt of the 
latter in a four per cent salt solution (sec ]). 69). The acid dissolves 
very easily in alcohol. Acetone at 20® C. dissolves about 10 per cent. 
Sabinic acid is very sparingly soluble in cold petroleum ether, but 
readily soluble in the hot. 

Acetyl sabinic acidy Ci 2 H 22 ( 0 .C 2 H 30 )C 00 H, melts at 43® C. It is 
easily soluble in ether, petroleum ether, in 90 per cent, and even 60 
per cent alcohol. The sodium salt is soluble in a four per cent common 
salt solution, but is precipitated therefrom by the addition of con¬ 
siderable quantities of sodium chloride. The bariuniy leady and silver 
salts are amorphous. 

* Hartley, Jmrnul 0/ Phi/sioloiji/, 1909 (38), 353. 

* Journ. Soe. Chem. hid., 1900, 73 ; Clictn. Zeit., 1899, 906. 

^ Compl. rend.y 1908, 1311 ; 1910 (150), 875. Journ, de Pharm. et dc Ch'm.y 
1909 (30), 10. 
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JuNiPERic Acid, Cj6 H3203=^CH2(0H) - (CH2)i4-COOH 

Juniperic acid occurs, according to Bou^gault and Bourdier,^ as an 
“ etholide (see p. 69) in the waxy substance obtained from the leaves 
of coniferous plants {Jtimpenis tSahina, J. communis, Picea excelsa, 
Pinus sylvestris, Thuja occidentalis). In Juniperus Sabina the acid is 
associated with sabinic acid (p. 69), from which it is separated by 
saponifying the waxy portions melting at about 80° C., precipitating 
the mixture of crude acids and separating the sodium salts by means 
of four per cent solution of sodium chloride. The insoluble portion 
consists of the sodium salts of juniperic acid and some other hitherto 
unidentified acids, whilst the dissolved sodium salts represented almost 
exclusively the sodium salt of sabinic acid. 

The acid melts at 95° C. At the temperature of the melting point 
inner auhydration seems to take place, as the solidified mass melts at 
83° C., and after boiling with alcoholic potash the acid of the melting 
point 95° is again obtained. 

Juniperic acid is insoluble in cold water and only slightly soluble in 
boiling water (0-2 grm. in 1(K) c.c.). It dissolves easily in alcohol; 
is sparingly soluble in acetone {2-5 grras. in 100 c.c.), and dissolves 
easily in ether and petroleum ether in the hot, but very sparingly only 
in the cold. All the “ salts ” including those of the alkali salts are 
insoluble in water. The alkaline salts arc soluble in alcohol and can 
be recrystallised from it. 

Acelijl juniperic acid, Cjj^HgQfO.C^IIgOlCOOH, melts at 63° C.; 
it dissolves more easily in ether and benzene than juniperic acid. It 
is best recrystallised from 60 per cent alcohol. 

Lanopalmic Acid, CjgHgjOg 

Lanopalmic acid isolated from that portion of the wool wax acids 
which forms potash soaps readily soluble in cold alcohol {Vol. II. Chap. 
XIV. “ Wool Wax ”) crystallises from dilute alcohol in radiated crystals, 
melting at 87°'88° C., and solidifying at 85°-83° C. It is insoluble in 
water, but dissolves on boiling in the presence of a small quantity of 
alcohol, and separates on cooling as a white crystalline magma. The 
ordinary organic solvents dissolve it readily. 

Aqueous alkalis do not readily dissolve the acid ; on adding, how¬ 
ever, a little alcohol and lieating, the alkali salts arc formed. They 
are stated to exist only in hot ac^ueous solution, and to become dis¬ 
sociated into acid salts, which separate on cooling, and into free alkali. 

' ■ The maynesium salt is insoluble in hot alcohol. The calcium salt 
dissolves easily in boiling absolute alcohol, but sparingly in 95 per cent 
alcohol. 

The existence of this acid would seem to require confirmation. 

< CH OH 

COOH stated to 

1 (Jii'mj/l. rend., 1908, 1311 ; 1910 (150), 875. Journ. de Pharm. et de ('him., 
1909 (30), 10. 
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occur, combined’ with alcohols, in carnaiiba wax.^ The acid does 
not appear to exist in the free state, since its inner anhydride, or 
lactone, is obtained whenever the salts of the acid are decomposed 
with a mineral acid. 

COCCKRIC A(1D, C3illg.^03 

Coccoric acid, stated to occur combined with cocceryl alcohol in 
cochineal wax ^ forms a ciystallinc powder (from alcohol), melting 
at 0.; it dissolvc.s sparingly in cold alcohol, ether, benzene, 

petroleum other, and glacial acetic acid. By oxidation with (Gnomic 
acid in acetic acid solution a pentadecylic acid is formed.^ 


Vll.--Acius OP THK Rjc'ixoleic Series. Hydroxvlatei) 
Aciixs C„H 2 y,-oO;} 

Acids 

(u) lliciNOLEio Acid, 

CllgiCJfals. C'I1(0H). CH 2 . CH 

II 

Cn.{CH 2 ) 7 .COOH 

Tlie constitution of the acid is be.st represented by tlic formula 
proposed by Goldmhel* as given above ; it is ba.sed on the formation 
of a ricinostearolic acjcl, a kef.o-oxysteaii(; ac;id which yields two oximes, 
finally leading to (cp. above, p. 174) dekalactone and azelaic! acid {(!:p. 
also Haller and Brocfiel “*). 

Kicinolcic acid (di.scov(u*cd by Bnssi/ and Lecanni/'' and munod 
“ ricinoleic acid ” by Saalnmller,^ and acide ricinoleicpie ” by Swanherg 
and Kohnodin ’) occurs, combined with glycerol, in large quantities in 
castor oil (sec “Castor Oil,” Vol. tl. Chap. XIV.). The formula 
^ 18 ^ 34^3 estaldishod by tfie classical rcsearclics of Bonis. Crude 
ricinoleic acid, as obtained by .saponifying ca.stor oil and decomposing 
the soap, represents a thick oil of specific gravity 0-9509 at 15-5'^ C., 
solidifying completely on cooling to -6® to -10° C. By gradually 
pressing the cooled crude acid at temperatures not exceeding 12° C., 
Krafft ® obtained a white, odouilcs.s, liard, crystalline mass melting at 
16°-17° C. ; this he judged to be pure ricinoleic acid. Juillardy^ how¬ 
ever, showed that the acid so prepared still contains stearic and natural 
dihydroxystcaric (see p. 221) acid.s. The pure acid is Lest obtained 
from its bariinn salt purified by repeated crystallisation from alcohol 
in which the barium salts of the solid acids are insoluble. According 
to Chonowskij it is preferable to remove the solid fatty acids before 

' Jourii. s <> c . Cheiii. hu/., 1884, 4-18. - Jl-uf., 1885, 585. 

^ Lieberniiiim uinl Bellaiiii, Berkhte, 1887, 902. 

* (Jokl.sobel, ihid., 1891, 8121 ; Kasiinsky, Jonrn. f. prakt. Chem., 1900 (62), 363 ; 
Haller and Brochet, t'oiiiftt-. rend., 1910, 490. * Jnurn. Pharin. 13, 57. 

Liebi<j'.i Annal., 1848 (64), lOS. 

7 Jakresh., 1847, 564. 

» Be-rkhte, 1888, 2734 ; c;p. also Hassejikanip, Dirkldr, 1876. 1916, 

8 BuU. Bor. t'him., 1895 (18), 240. /kridde, 1909, 3340. 



the castor oil is saponified. This is done by dissolving castor oil in 
alcohol and allowing the solution to stand at a low temperature, when 
a crystalline glyceride, melting at 33° C., separates out. 

Pure ricinoleic acid melts at 4*^-5° C.; it is miscible with alcohol and 
ether in every proportion. It cannot be distilled without undergoing 
decomposition, even under a pressure of only 15 mm.; among the 
products of decomposition arc found imdeoyicnic acid and cenanth- 
aldeliyde,^ and, according to Manyold,^ in addition thereto, an acid 
of the formula Cjgng202.® Most likely identical with this, is the acid 
obtained by abstraction of the elements of one molecule of water from 
ricinoleic acid either in an indirect manner by passitig through the 
di-iodo-derivativo or in a direct manner by heating the zinc salt with 
anh>'drous zinc chloride. This unsatniatod acid CjgH^oO.^ is isomeric 
but not identical with linolic acid {C/ionoivsky^). On subjecting 
ricinoleic acid to dry distillation optically active hydrocarbons are 
obtained.^ 

The ricinoleic acid j)repared from castor oil is, like castor oil itself, 
optically active; this is indicated in the above-given constitutional 
formula by the presence of one asymmetric carbon atom “ C ” in 
the mole(nde. Walden ^ found for the liquid acid in a 100 nun. tube 
ai,^-6 G7°, and for its acetone solution [a]„= to +7-5°. 

According to IL MetjerJ ricinoleic acid becomes spontaneously 
polymerised on .standing, with the formation of ))olyricinoleic acids, 
which are easily re-conv<‘rtod into ricinoleic acid by boiling with alcoholic 
j)otasli. Thus, an acid of the specific gravity ()-lMC0 at 12° C. had 
become vi-scous after eight years’ standing, its specific gravity having 
increa.sed to 01h)08 at 12° C.; at the same time the iodine value had 
docreas(Hl from the original number 8.5-53 to 64 ()r>. Woldenherf/ ^ 
states that a specimen of ricinoleic acid of the original neutralisation 
value 188-24 exhibited after five months the neutrali.sation value 
170-0.^ (Cp. Vol. HI. Chap. XV.) 

Kicinoleic acid assimilates two atoms of bromine or one molecule 
of iodochloride, but does not absorb hydrogen on treatment witli 
sodium amalgam. By reducing ricinoleic acid with phosphorus iodide 
and hydriodic acid, di-iodostearic acid is obtained ; the latter yields, 
on reduction with zinc dust in acetic acid solution, stearic acid {Chon- 
owskij In view of the fact that castor oil can be reduced in the cold,^' 
with hydrogen in the presence of colloidal palladium, to a saturated 
glyceride, it follows that ricinoleic acid also can be reduced to a saturated 
acid with hydrogen, either in the cold by using colloidal palladium as a 
catalyst, or at higlier temperatures by employing nickel as a catalytic 
substance. If the temperature at which the reduction takes place 

* IkricJitc^ 1S97, 2034. Cji. nl.so Kiilk-r ami Brocljot, Vumpt. remh, 1910 (l.'i), .'>03. 

^ Ibid., 189-1, Kef. 629. 

“ Ibid., 1888, 2734 ; cp. also ila.sseiikanii), ibid., 187C, 1916. 

'• Ibid., 1909, 3316. 

Nenliergaiul Rosenberg, JUnchem. Xi'Us., 1907, 206. ('p. also l/ewkovvitsc]i, 
d. Chem., 1907 (xviL), 417. " Ibid., 1894, 3472, 

’ Arch. d. I’lumii., 1897 (23.'>), 184, * Inuinj. hissni., Ztiricli, 1908. 

” Cp. abso I?a.Hsow, Kitjhth hitern. Cony. Ajyi. (Ihcmislri/ {see Chem. Zeit., 1912,1139). 

Berickte, 1909, 3343. “ Paal ami Roth, IkrickU’, 1908, 2283. 
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is kept low, hydroxystearic acid is obtained; at a more elevated 
temperature the hydroxyl group is split off and stearic acid is formed.^ 

Nitrous acid transforms ricinoleic acid into its stereoisomcride— 
ricinelaidic acid. 

Ricinoleic acid docs not absorb oxygen on exposure to the atmo¬ 
sphere. On treatment with ozone, the acid assimilates, according to 
Thieme,^ four atoms of oxygen, forming a porozonido. With nitrogen 
tetroxide ricinoleic acid forms an addition product, which is split by 
faming hydrochloric acid into heptylic and azelai'c acids (see p. 175 , 
Jegorow). With regard to the changes tlic acid undergoes on blowing 
with air at elevated temperatures, see Vol. II. Chap. XIV. “ Castor Oil.” 

On oxidising ricinoleic acid with an alkaline solution of potassium 
permanganate in the cold, two hydroxyl groups are assimilated with 
formation of trihydroxystearic acid, ilazura ami Grilssner ® stated 
that two isomeric trihydroxystcaric acids are formed, and concluded, 
therefore, that the liquid fatty aiud of castor oil is a mixture of two 
isomerides, viz. ricinoleic and isorieinokic acids. The author is, how¬ 
ever, of tlie opinion that this conclusion need not necessarily be adopted, 
as two stcreomctrical isomerides may be obtained from one and the 
same ricinoleic acid.** The strictures of tlic author would seem to he 
confirmed by Ilalkrs statement that he was unable to find two isomeric 
ricinoleic acids in ca.stor oil (see Vol. II. Cliiip. XTV. ‘‘ Castor Oil ”). 

By oxidation with nitric acid suberic and azeiai'e acids are ol)tained. 

By treatment of ricinoleic acid with sulphur a plastic mass, claimed 
as an india-rubber substitute, is obtained.® 

On boiling ricinoleic acid with acetic anliydride, an anhydride of 
the acetyl derivative CJIi/JH{().C2H.,O)CH2.CIf-0Il{CT4)7COOH 
is obtained (cp. Chap. \ 0 II. " Ilydroxylatcd Fatty Acids”). 
Ka.mnskgs statement that acetyl-ricinolei(t acid is formed lias been 
refuted by GrilnJ In tiie latter’s o]>inion the acetyluted anhydridc 
of the formula Cj7H32(0.C2H30).C0.0.Cj7H32C00H had been formed. 

By the action of concentrated sulphuric acid on ricinoleic acid 
the following pvod\u'ts are obtained {JniJIanl^)'.—ricinoleo-sidphuric 
acid, OH . SOg. 0 . Ci7ll32 . COOII, dihijdroxj/sle.(iro-sdf)/iuric acid, 

^llhasie dmcimlek acid, 

monobasic diricinoleic add, OH.C^^Hgg.COO.Ci^Hyg.COOH, dihydroxg- 

• Cp. Kiigl. piit. 1911 ; KreiH;h pat. 433,294, K. E. Mark(‘l and .1. Croslitdd 

anil Sons, Ltd. Kokin, Jouni. Hks-s. Chciii. Sue., 1912 (44), 6ri3, statos that by 

tlu! catalytic rndtudiou of ricinoleic acid with plalinons hydroxide lie obhained X-hydroxy- 
stearic acid. It may also he jioiutcd out that Woldciiberg {Inatoj. Dissed., Ziirich, 
1908) could not reduce ricinoleic acid by a current of hydrogen with platinum as a 
cataly.st, whcireas under the same conditions the nietliylester oi licinoleic acid was 
readily reduced to the nietliylester of 1, 12 hydroxystearic acid. 

‘liKiiig. Dmerl., Kiel, 1906. •' Monutsk./. C/ien., 1888 (9), 469. 

♦ Cp. Mangold, Ikrichte, 1894, Kef. 629. ® Ompt. rend., 1907 (144), 462. 

Chem. Werke, vorni. Dr. H. Tiyk, (iernian jiatent 252,193. 

’ Ikrichte, 1909, 3761. Cp. Kassow, Zdl.<. f. a>u/en\ Chem., 1913. 318. 

** Bull. Soc. Chim., 1894 (11), 280. The isoricinoleic acid described by Jnillard 
appears to be a kctonic acid, and is a by-prodnet formed by the action of .sulphuric acid 
on ricinoleic acid ; it is dilfercntiated from ricinoleic acid by its soluliility in petroleum 
ether. 
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stearic acid^ Ci 8 H 3 g 04 , melting at 66 ®“ 68 ® C., a solid acid, CggH 7 Q 07 , and 
isoricinoleic acid, CjgHgiOg (cp. Vol. III. Chap. XV. “ Turkey-red Oils ”). 

Grun ^ showed that the dikydroxystearic acid melting at 66 °* 68 ° C. 
consisted of a mixture of several isomerides ; for by fractional crystal¬ 
lisation of this dikydroxystearic acid he obtained two optically inactive 
isomerides melting at 69'5° and 108° C. respectively; an optically 
active acid melting at 90° C., and a small amount of another inactive 
acid melting at 126° C. The acids melting at 69*5° C. and 90° C. 
respectively have the constitution of a 9, 12-dihydroxystearic acid; 
hence the inactive acid of the melting point 60-5° C. is judged to be a 
racemic compound. The optically active acid melting at 90° C. is 
converted into the racemic compound melting at 69*5° C. on keeping 
for some time in alcoholic solution, or more rapidly by lieating tlie 
solution to 130°-140° C. If acetyl ricinoleic acid be treated with an 
equal amount of concentrated sulphuric acid, riciuoleo-sulpluiric acid 
is obtained, the acetyl group being replaced by the SO^H group. If, 
however, sulphuric acid be allowed to act upon the chloro-oleic acid, 
CHg(CH 2 ) 5 CHCI.CH 2 .CH-CH(CH 2 ) 7 COOH, evolution of hydrochloric 
acid takes place even below the temperature of the fieezing point.^ 

Woldenherg ^ studied the gi'adual chaftge taking ])lace when equi- 
molecular amounts of ricinoleic and concentrated sulphuric acids are 
mixed, and found that the iodine value of the mixture gradually 
decreased within 115 hours from the theoretical value 6-1-04 to 48-4, 
the neutralisation value from the theoretical value 425 to 279*79; the 
amount of free ricinoleic acid decreased very rapidly (from the original 
75*38 per cent in the mixture) to 5*93 per (-ent, and had fallen to zero 
after (about) 10 hours. 

CkomwsJiif,'^ who carried out the same experiment, arrives at the 
conclusion that two isomeric (jlycid acids arc formed having the following 
formula; respectively, 

Cllg. ( 0112)5011 . OIL. OH. Cn^{OJh)^COOl\ 

“ / 

0 

and 

0113 ( 0112)5011 . CH 2 . 0112011 ( 0112 ) 700011 . 

I 0 -J 

With those two acids small quantities of a diliydroxylated acid are 
admixed which is considered to be identical with the diliydroxystearic 
acid melting at 110°-U7° C. and obtained from di-iodo-stearic acid 
(see p. 229). The first of these two glycids yields on digestion with 
acetic anhydride a diacetyl-derivative. Grun ^ raises objections to 
these conclusions and explains OhonowsJa/s results by pointing out that 
the latter overlooked the formation of intermediate products. 

* BcrkMc., 1&06, 4400 ; 1909, 37.09. Wotti^rkainp, hmufj. hinsert., Ziiricli, 1909, 
Zeiti. f. FarbenihiluNtrie, 1909, No. 18. 

Cp. Griin aii<l Wetterkam)), Zeits. f. Farhe.nlnd., 1908, 37.0. Woldcribcrg, fnaufj. 
Dissert., Ziirich, 1908. ^ Inawj. Dissert., Ziirioh, 1909. 

•» Berichtc, 1909, 3339. " tbuL 1909, 3701. 
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The following table reproduces a number of characteristics of 
ricinoleic acid and the most important products that can be obtained 
from it by the action of sulphuric acid, as compiled by J. Ruhitisky} 
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Ricinoleo-stdphuric acid, C],1132(0.S03H)C00H, i.s prepared in its 
pure state by allowing chlorosulphonic acid to act on ricinoleic acid in 


fmtu;. Dim-H., Boriiii-r.rt!iiizig, 1912. Cp. /, axyew. Chatu, 1913, 310. 
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a solution of absolute ether ( Woldenherg ^). Its formation by the action 
of concentrated sulphuric acid on ricinoleic acid has been described 
above. The acid is soluble in ten parts of water and forms a clear 
solution. By prolonged standing of ricinoleo-sulphuric acid with water 
(cp. also Vol. III. Chap. XV.), the acid is hydrolysed, sulphuric acid being 
split olf. The hydrolysis becomes accelerated by heating the solution 
to boiling or by adding dilute mineral acids. The total amount of acid 
is, however, not resolved iiito sulphuric acid and ricinoleic acid, but 
the ricinoleic ester of ricinoleic acid, €171132(^^1)^^^ 
is formed, which is converted partially by the loss of one molecule 

,0-C0 

of water into the Jactidc €171132^ /^17I42' formation 

^CO-0^ 

of the lactidc is arrested when the proportion of the lactide to the 
ricinoleic ester of ricinoleic acid equals 2 : 1 .^ 

Kiciuoleic acid yields on treatment with gaseous hydrobromic acid 
in the cold, according to the conditions of the experiment, monobroino- 
or dibrorno-stearic acid (Kosanshf ^). On reducing these com])ounds 
the ordinary stearic acid was obtained ; hence it is evident that the 
hydroxyl group in ricinoleic acid had been replaced by bromine. If 
tlio substitution of the hydroxyl groiij) be prevented by previous 
acetylation of the OH group, an acetylated liydroxystearic acid is 
ultimately obtained. The liydroxystearic acid resulting from this 
acetylated hydroxy acid dilTcrs from the hitherto known isonieridcs. 
] 5 y the action of h3'drio(lic acid on i-icinoleic acid the hydroxyl groiqi is 
replaced by an atom of iodine; at the same time a second atom 
of iodine is assimilated, so that a di-iodo-stoaric acid results 
{CkoHowskg ^). 

Dry hydrogen chloride is not assimilated by ricinoleic acid. In 
the pre.senee of fornidldeligde dry liydrogen chloride produces in an 
alcoholic solution of ri<‘inoleic acid condensation to clhjl iiiefln/lene- 
dioxijdistearate, to which Tschilikin^ a-scribes the formula - 

Cir3.(CH2)5.CH.Cn2.CH2.0H(OH).{CFl2)7.C02.C2lf5, 



CH3.(CH2)5.CIt.Cn2.CH2.CH(OH). (€112)7.002.02115. 

Endeavours to isolate the free acid led to the formation of condon-sation 
product.s. This is a saturated substance. (It will be observed that 
Tschilikin places the OH group in a different position from that indicated 
above.) 

' Innuij. ]Jissert., Ziiricli, 1908. 

• (ji'iiii nml Wettfrkiiiiip, /cits. f. Farheniininsl.rii’., 1909, Hi^ft 18. Wetterkamp, 

Tnavg. hmert., Ziiricli. 1909. “ Jimrii /. jmi.kt. Vhetii., 1900 (62), 363- 

* IkridUc, 1909. 3342. 

® Jouni. Russ. Rhi/ii. Cheni. .Sjc., 1912(44), 515; cp. aim) Revue ght^r.des 7iia(Urea 
coiorantes, 1911 (15), 33. 
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Dihromoricinoleic acid, CH^. ( 0112)5 . CH(OH)CH 2 . CHBr. CHBr, 
( 0112 ) 7 .COOH, forms a tliiok, slightly yellowish oil {Ukich} Wolden- 
berg ^). The sulphuric ester is obtained by allowing chlorosulphonic 
acid to act on the dibrornidc in ethereal solution. By boiling with 
concentrated alcoholic potash, ricinostcarolic acid is obtained. 

Ricinoleic acid, as pre|)afed from castor oil by saponification and 
subsequent acidification of the soap is a commercial product, used in 
the te.xtile industry (see Vol. JII. Ohap. XV. “ 8 ulphonated Oils ”). An 
acid ammonium salt of the acid prepared by neutralising crude ricinoleic 
acid with ammonia and adding a second equivalent of ricinoleic acid 
is also obtainable in commerce. 

Sodium ricinoleafe ® is a soft doubly-refracting substance, solidifying 
on cooling to a waxy mass. 

Most of the metallic salts of ricinoleic acid arc readily obtained in 
the crystalline state ; they behave with solvents very much like the 
corresponding salts of oleic acid. Calcium, as also barium riciiioleale, 
are soluble in warm alcoliol; the barium salt, even when ie})eatedly 
reciystallised from alcoliol, retains water, which is not even given off 
at 120° C. The barium salt is practically insoluble in ether ( IVoldcnberg, 
Chonowsliif) and petroleum ether {Wohleuhcrg). Lead rkinoleaie 
molts at 100° C. and is easily soluble in ether, but practically insoluble 
in low-boiling pciroleum cther.^ 

Methglester.—Rocldeder first prepared this ester by passing hydro¬ 
chloric acid gas through a solution of castor oil in alcohol {c[>. “ Alco¬ 
holysis,” ]). 1(X)). Specific gravity 0-923G, boiling ])oint 245° 0. under 
a pressure of 10 min. [a|i>=H-3-8° {Walden). The progress of the 
action of concentrated sulphuric acid on this ester has been studied 
by Woldenbenj.^ 

0 /Cone converts the methylcster into the perozonide (CigH-j^O,) 
wliich is resolved by troatmciit with sodium carbonate and sodium 
bisulphite into optically active /^-liydroxypelargonic acid (CIIa.fCHgls 
CH(OIl).COOH), azelaic acid, methylcster of azelaic acid and the 
corresponding somi-aidehythis {Haller and Brocket ®). The reduction 
of the methylcster to a .saturated substance has been referred to, 
p. 215, footnote 1. 

Ethglester. —Specific gravity 0-9145, boiling point 258° C. under 
a pressure of 13 mm. [uji," +4-07° {Walden). 

Haller ’ ascertained the following constants of ricinoleic esters :— 

' Chem., 1807 (:5), r>-lc. 

• Inaug, DLtsert., Ziiriclt, 1908. ^ Vorlaendor, Iknckte, 1910, 3126. 

* Lane, Jmirn. ^)c. Chcvi. Imt., 1907, 597. 

Inrnuf. Dissert., Ziiricli, 1908. 

® Oompt. rend., 1910 (1.50), 603 ; Chm. Zed., 1910, 289. 

' CoDipt. rend., 1907 (144), 462. 


[Table 
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of RiciDoImc 
Aci<l. 

Boiling Point 
under 10 111111 . 
Pressure. 

“C. 

Specll'ie Gi-ftvity 
at lo”C. 

Siw.illo 

Itotiitioii. 

Uoffactivo 

Iiidijx. 

Methyl . 

225-227 

0-927 

+ 5"2' 

1-1645 

Ethyl . 

227-240 

0-9J8 

+ 4-48" 

1 -i6.-m 

Pro|)yl (normal) . 

2;5;{-24t> 

0-912 

+ 4-:35° 

1-4624 

Isobiityl 

239-241 

0-908 

-H-22“ 

1-40-21 


On oxidising the methylcster of riciuoleic aoid witli potassium per¬ 
manganate in acetone solution, Haller obtained only one trihydroxy- 
stcai'ic ester, melting at 87'^ C. By subjectijig the niethylester to dry 
distillation, 62 per cent of the theoretical mnantluc aldeliyde and 10 
per cent of iindecylenic methylcster were o))taincd. In the case of 
the ethylestcr the corresponding figures weie 50 per cent and 32 per 
cent respectively. 

OeI1^3.CH(OH).CU2.CTl 

Ricinelaidic acid, i| , the stereometric iso- 

coon. (OF,)-. OH 

ineride of ricinoleic acid, is obtained from the latter by the action of 
nitrous acid. Wefferkanip obtained a better yield by adding nitric 
acid, specific gravity 1 - 2 , in small proportions to ricinoleic a<-id previously 
cooled to -5° C. and keeping the temperature at -5'^ 0. to 0°. The 
acid is optically active. [a]i,= +6-67^ (c^l 2 ) in a solution of absolute 
alcohol. Ricinelaidic acid crystallises in needles melting at 52°-53‘' 0., 
53'^-54‘^ C. {Woldenberfj). As regards absorption of bromine, iodo- 
chloride, and oxygen, it behaves like ricinoleic acid. On oxidising 
ricinelaidic acid with potassium permanganate in alkaline solution, 
two isomeric (most likely stereometric) trilivdroxylated acids are 
formed (Mamfold). On distilling ricinelaidic acid in vacno, ^[avgol(l^ 
obtained an unsaturated acid, C 18 H 32 O 2 , crystallising from alcoliol in 
shining plates melting at 53'^-54‘^ C. It is doubtful whether this acid 
is identical with the acid CjgHg^O^ obtained in the same manner from 
ricinoleic acid. 

Ricinelaido-sulphuric acid, (lj 7 H 32 -( 0 .S 03 H)C 00 lI, is obtained by 
the action of chlorosulplionic acid on ricinelaidic acid. The aqueous 
solution of the acid undergoes on heating the same changes which have 
been detailed in the case of the sulphuric ester of ricinoleic acid (see 
above). 

Rlcinic acid was obtained by Kraffl^ on heating barium riciuoleate 
in a vacuum, when the barium salt of ricinio acid remains in the retort. 
On decomposing this salt with a mineral acid^ ricinic acid is liberated. 
The acid can be purified by fractionating in tacuo ; it then forms 
glistening laminio (from alcohol), melting at 81° C.; it boils under 
is mm. pressure with very slight decomposition. 

' MviwUh./. (Jkevi., 189'1 (15), 309. '* Cp. also Waldoii, Herirhtr, 1894. 3472. 
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(6) Quince Oil Acid 

A hydroxylatcd acid, OjjHjjlOHiCOOH, is stated by Herrmann^ 
to occur in qiunce oil. It differs from ricinoleic and its isomeric acids, 
in that its dibromide melts at 108“ C,, whereas ricinoleic and ricinelaidic 
dibromides arc li(iuid (cp. Chapter VIII.). 


VIII.--Acids ok the Series C„II.j„ 0,. l)iuyi)iu).\VLATED Acids 
Diiivdroxvsteakic Acid, CigHgjO^ 

The natural dihydroxylated acid, occurring in castor oil to the 
extent ol about 1 per cent {JuiUard '*), is obtained by cooling the mixed 
fatty acids of castor oil below 12" C., and keeping them thereat for 
some time. The crystalline magma is allowed to drain, and is then 
pressed and recrystallised from alcohol, whereby a mixture of di- 
liydro.xystearic and stearic acid.s is obtained. The latter is removed 
by washing with hot toluene, and the remaining crude dihydroxystearic 
acid is rocrystallised from boiling alcohol. 

H. Mei/er ® prepares the acid hy decomposing the lime salts of the 
mi.xed castor oil acids with hydrochloric acid, and allowing to crystallise 
from ether in the cold. After twelve hours’ standing crystals melting 
at 110“ to 141“ C. are obtained. 

The pure acid melts at 141“ to 143° C.; it is insoluble in ether, 
petroleum ether, and benzene, slightly soluble in cold toluene, more 
so in the hot solvent; it dissolves in boiling alcohol and boiling acetic 
acid. Reducing agents readily convert the acid into stearic acid. By 
treatment with hydrochloric acid at 180“ C., and subsequently with 
caustic potash, it is converted into the dibasic acid:—COOII.(OH) 
0. C„H33(0H)C0()H. 

Probably this acid—being a natural product—is optically active. 

The sodium sail forms flue needles. 

Methyhsler, melts at 10G“-108“ 0. 

Eihiflesler, melts at 10d“-10G“ C. 

liANouERic Acid, CsoHeoOi 

Tliis acid was isolated from the uiixture of soaps obtained on 
saponifying wool wax with alcohohe potash."* 

The acid crystallises from alcohol in microscopic laminaD; it softens 
at 102'^ 0. and melts at 10‘r-105° C.; it then solidifies at 103'^-lOr C., 

' Arch. iL Phinn., 1899 (2:57), 3tjt5. 

2 Ihdi Soc. C’/u'wi., 1895 (13), 238. Tlie <liliy(lro.\ysU'arie acid wliicli Benedikt and 
Ulzer [Monutsh. f. Chem., 1887 (8), 208) isokteil from a “'J’lirkcy-ml oil ” is not, as 
they stated, an artifici.al product, but notbing else than tliis naturnl liydioxystearic acid 
{Griin, Jkru-hfe, 190(1, 4400); cp., however, p. 21G. 

=* Arch. d. Pluxm., 1897, 181 ; Vhm. Hcvuf, 1897, 223. 

* Darnustaedter ami Lifsebiitz, Jierichte, 1896,1474, 2893 ; Joiirn. Soc. Chem. Ind., 
1898, 643. (The acid U described there as lanocerinic acid.) 
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to molt again at 102° C. It thereby loses one molecule of water, 
probably from the two hydroxyl groups, for it still possesses acid 
properties. Lanoceric acid readily forms a la<!tone, e.fj. when boiled 
with dilute liydrochloric acid ; the lactone melts at 86° C. This lactone 
is probably identical with ‘‘ lanocerin ” recently found in wool wax by 
Rohmann ^ (cp. also Vol. II. Chap. XIV. “ Wool Wax ”). 

Lanoceric acid is almost insoluble in cold w'atcr and in alcohol, 
but is readily soluble in liot alcohol. It does not combine easily with 
aqueous potash ; a little alcohol, however, readily induces combination. 
The salt is therefore best prepared in alcoholic solution. The potasslwu 
salt behaves like that of lanopalmic acid (p. 212), in that it dissociates 
on cooling into the acid salt, which separates, and into free alkali. 


IX.— Acids of the Series C„H2,v-2C>4, Duusic Acids 

The dibasic acids belonging to this series have been isolated from 
Japan wax {sec Vol. If. Chap. XIV. “ Japan Wax ”) by fractionating 
its insoluble mixed fatty acids in. vacuo. The compo.sition of the 
acids was established from that of the hydrocarbons which they yield 
on dry distillation with barium oxide under reduced pies.surc. 

HEl'TADECAMETJfVLEXE-DirARBOXVUO AciD,^ Cyij^fCOOUlo 

This acid yields normal heptadecanc. 

OCTODECAMETHYLE.N’E-DIC.ARBOXYLIC AciD,® CjgTLjy(C00H )2 
This acid yields normal oetodecane. 

.Iapanic Acid (Noxadecametkylene-dicarboxylic Acid), 

^' 21 1140^4 ^ 

Japanic acid^ is the first dibasic acid identified in natural fats. 
Most likely it forms a mixed glycerkle together witii palmitic acid 
(see Vol. II. Chap. XIV. “ Japan Wax ”). 

The acid cry.stallises from alcohol and chloroform in white laminse 
melting at 117-7°-117‘0° C. The crystals dissolve very sparingly in 
most solvents, .fapanic a<-id is heavier than water. 

On heating the acid to 2tX)° C., carbon dioxide is given ofT with 

the formation of the ketone melting at 82°-83° C. 

On distilling with barium hydroxide in vacuo normal nonadecane is 
obtained.^ 

The ‘potassium salt is sparingly soluble in 95 per cent alcohol, 100 c.c. 
of which dissolve 0-1345 grm. at 26° 0. 

* (kntralbl. f. Physiol., 1905, xix. No. 10. ^ R. Scliaal, Berichle, 1907, 4784. 

^ L. A. Ei^erhardt, Inauy. Dissert,, Strassbury, 1888 ; Udtel and v. d. Want, Joum. 
/. prakt. Chem., 1900 (61), 151, 
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On heating the silver salt with ethyliodide, the elhylester, melting 
at 53° C., is obtained. 


OXIDATION PKODUCTS OF FATTY ACIDS 

The above-described acids (with the exception of the isomcrides 
mentioned under the headings of the naturally occurring acids) are 
met with in natural fata and waxes. Besides these, there arc found in 
various products of the fat industiics several saturated hydio.xylated 
acids, as also their inner anhydrides. These are de.scribed lielow, 
together with some other hydroxylated fatty acids, which are of great 
importance for the identification of glycerides of unsaturated acids. 

Other dei ivativcs of the. fatty acids obtained indirectly by oxidation 
are keloiies, a list of which has been given above. These ketones 
appear to be of imjiortance from a jrhysiological point of view, as repre¬ 
senting the intei rnediate stages of degradation of the higher fatty acids 
in the animal organism. Too little is known at present to justify more 
than a passing reference heie (cp. also above, p. 56). 

Greater importance attaches to the unsaturated fatty acids of the 
slearoHc rpviip, which are also obtained by a proccssof indirect oxidation. 
They represent intermediate jrroducts standing between unsaturated 
fatty acids and the cleavage irroducts into which they arc ultimately 
broken down. Thus they are of ini|)ortanco in determining the con¬ 
stitution of unsaturated acids, as has been pointed out above on p. 174, 
The acids belonging to the stcarolic series arc isomeric with the a<uds 
of the linolic scries. 

.Just us the acids of the oleic series lead to the acids of the stcarolic 
series, so do the acids of the ricinolic .series lead to acids which may 
be termed acids of the rkiiwslearolk series. 

In the course of oxidation of fatty acids by means of potassium 
permanganate, or nitric acid, further in the decompo.sition of the ozone 
and nitrogen tetroxide addition prodr.cts of unsaturated fatty acids, 
a number of dibasic acids are formed, the composition of which lends 
valuable help in the identification of the products of cleavage, aird thus 
in the determination of the constitution of the fatty acids from which 
they have been derived. 

Derivatives of the fatty acid.s mentioned in the forcgoiitg lines will 
be de.scribcd under the following headings 

1. Hydroxylated acids, C„H,„(0II)^02 {x = 2ii-in). 

II. Acids of the stcarolic series, C„I 12 b- 402 . 

III, Acids of the ricinostearolie series, C„H 2 „. 403 . 

IV. Dibasic acids, C„U 2 „. 204 . 

I.— Hydroxylated Acids, C„H,„(0H)»02 

Most of these hydroxylated acids are obtained by oxidising 
unsaturated acids with dilute potassium permanganate in alkaline 
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solution. The details of this method will be fully described in 
Chapter VIII. 

Haijlzcff} as also Ilazura ^ (who collaborated with Bauer, Friedreich, 
and Grussiier), derived from their researches the following rule: All 
unsaturatod fatty acids assimilate on oxidation with potassium per¬ 
manganate in alkaline solution in the cold, a.s many hydroxyl groups 
as there are unsaturated carbon atoms in the molecule, yielding saturated 
hydroxylated acids which contain the same number of carbon atoms 
in the molecule. Further experiments must decide whether this rule 
holds good for all unsaturated acids (cp. “ Jccoric Acid,” p. 209). This 
reaction, however, is not a quantitative one, as is the case in the forma¬ 
tion of the bromo- and iodochloro-derivatives, for, owing to further 
oxidation, perhaps, of the hydroxylated acids, dibasic acids are also 
formed. 

Hydroxylated acids are also obtained by digesting bromo-derivatives 
of unsaturated fatty acids with silver hydroxide. 

In the following table the hydroxylated acids obtaiiied hitherto 
by oxidation with potassium permanganate and by nican.s of silver 
hydroxide arc enumerated ;— 


Fatly 

Hydroxylated Acitl. 

Tiglic 

(DihydroxytigUc) tigliccric. 

Hypogwic 

Dihydroxypalraitic. 

Palmitoleic . 

Dihydroxypalmitolcic. 

Chfiulmoogrio 

f a*Dihydroxydiliydrochaiilnioogric. 

\ /?-l)ihydroxydihydrochaulmoogric. 

Oleic . 

. Dihydroxystearic. 

Elaidie 

Uihydroxystearidic. 

“ Isooleic ” . 

“ Para-dihytlroxystearic.’’ 

Pctroselinic . 

.Dihydroxy petrosolinie. 

Liver oleic 

Dihydroxy acid. 

(Unknown) . 

DihydroxyjecoJeic (?). 

Hicinoleic 

(’rrihydroxystearic. 

1 a-Isotrihydroxystcaric (? see p. 215). 

Jticinclaidic . 

t /8-I»otrihydroxy8tcaric (? see p. 220). 
1 y-Isotrihydroxystcaric. 

LinoUc 

. Tefcrahydroxystcaric (sativic). 

Linolonic 

. Hexahydroxy«tcaric (linusic). 

Isolinolciiic (?) 

Isolinusic. 

Gacloleic 

Dihydroxygadolcie. 

Erucic 

Dihydroxy bchonic. 

Bnassidic 

. Isodihydroxybehcnic. 

Isoerucic 

. I’aru-dihydroxybchenic. 

Amchidonic . 

. Octohydroxystearic. 


' Juuni./. pra/d. C/iemie, 1886 (83), 300; 1889 (39), 340. 
Joiini. Sue. Chnn. /jit/., 188?, 50t!. 
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Hydroxylated Acids 

1. Monohydroxylated Acids, Ci8H3^03 = Ci7H34(OH)(COOH) 

(a) I (orl, 10) Hydroxystearic Acid, CiBHq«Oo = CTftHv:0«{OH) 

= CH3.(CII2)7.CH.{0H).(CH2)8C06h 1 

This acid is obtained together with stearic acid hydrogen sulphate 
and stcarolactone ^ on dissolving ordinary oleic acid or elaidic acid in 
concentrated sulphuric acid (cp. also Vol. III. Chap. XV. “ Turkey-red 
Oils ”). The glyceride of tliis hydroxystearic acid is obtained on 
subjecting triolein to the same treatment. 

This acid is prepared commercially by treating a solution of oleic 
acid in petroleum etlier witli concentrated sulphuric acid. Only part 
of the oleic acid is transformed into hydroxystearic acid; in order to 
.obtain a higher yield of the latter, the unchanged oleic acid must bo 
treated again in the same manner, but even then the yield is not a 
quantitative one (cp. United States patent 772,129, and Vol. III. 
Chap. XV. “ Conversion of Oleic Acid into Candle J\[atorial ”). 

flJydroxystearic acid crystallises (from alcohol) in hexagonal 
plates, melting at 8U-81*5'^ C. (Oaitel), 83‘^-85'’ C. and solidi¬ 

fying at G8‘'-65'^ C. 100 parts of absolute alcohol dis.solve 8-78 parts 
at 20° C.; 100 parts of ether at the same tcmperatiu e dissolve 2-3 parts. 

On heating the acid to 200° C., with or without zinc chloride, a 
viscous mass is obtained, which contains the anhydride Cj 8 H 34 () 2 , as 
also oleic acid.® By boiling the anhydride witli caustic potash hydroxy¬ 
stearic acid is regenerated. On distilling t-hydroxystearic acid in a 
vacuum, a portion of the acid passes over unchanged, whilst another 
portion is converted into oleic and “ iso-oleic ” acids. By carefully 
oxidising f.-hydroxystearic acid with chromic acid in acetic acid solution, 
lO-ketostearic acid, 0113 ( 0112 ) 7 . 00 .( 0112 ) 800011 , is obtained, whilst 
sebacic, azelaic, and very small quantities of suberic acid arc formed 
as by-products {Shnkojf and Schestakoff'^). 

The sodium, zinc, and copper salts are soluble in alcohol; the barium 
salt is insoluble in both alcohol and ether. 

(6) K (or 1, H)-Hydroxystearic Acid, 
On3.(CH2)6.0H(OH).CIl2.(OH2)8.COOH^ 

This acid is obtained, together with the isomeric t-hydroxystearic 
acid, on treating “ iso-oleic ” acid with sulphuric acid in the manner 

' SImkofl’mid ScIiL-stakoir,/wrH./. Ohem., 1903 (67),'415. Formerly (see 

p. 121 of the tliird oflitioii of tliis work) Ihi.s acid was de-scribed as jSdiydroxy,stearic 
acid. 'J’lit! true ^-hydroxystearic acid, tJjgUm . CH (Ofl). . CoOli, prepared by 

Ponzio [Gaa. chm., 1905 (35), ii. 132) melts at SO'’ C. 

2 Cp. al.so David, Compt. rend.y 1807 (124), 466. 

® It may be pointed out liere that tlie anhydride, CjgllajOa being a saturated com¬ 
pound, does not absorb iodine ; therefore the oieic acid can be determined quantitatively 
in the mixture (cp. Cliap. VI.). According to Slmkoff and Sebestakoff, thi.s anhydride is 
Y'Stcarolactoue. 

* Shnkolf and Sebe-stakofl’, Jonr?i. /. prakt. Ckem., 1903 (67) 417. Formerly (see 
p. 122 of the third edition of this work) this acid wa.s described as a-hydroiystearic 

VOL. I Q 
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described for ordinary oleic acid. The lower the temperature, the 
larger is the yield of K-hydroxystearic acid. K-Hydroxystearic acid is 
also formed on digesting the iodo-stearic acid obtained from “ iso-oleic ” 
acid and hydriodic acid, with silver hydroxide. 

K-Hydroxystearic acid distils unchanged under a pressure of 100 
mm. (difference from i-hydroxystearic acid), and crystallises (from 
alcohol) in plates melting at 77°-79'^ C. Shukoff and Schestakqff find 
84° C. It is more easily soluble in ether than its t-isomeride, whilst 
less readily soluble in absolute alcohol, 100 parts of which dissolve at 
20° C. only 0-58 parts of the acid. 

On oxidising K-hydroxystearic acid with chromic acid in acetic acid 
solution, Shukoff and Schestakoff obtained sebacic acid, a dicarboxylic 
acid, CiiH 2 o 04 , melting at 124° C. and ll-ketostearic acid, whicli differs 
from the 10-ketostearic acid prepared from i-hydroxystearic acid by 
the same method. 

On treatment with concentrated sulpliuric acid y-stearolactone ^ 
is obtained. 

(y-HYPROXYSTEARIC AdD, CH 3 . (Cllglig. CH(OH) .CHg* 
CH 2 .COOII) 

StE AROLACTONE, CigHj^Og ^ CHg. (CH2)j3 - Oil. Cllg. CHg. CO 

(■),..^ .1 

The free acid has not been prepared yet, for whenever the free 
acid may be expected its inner anhydride, or lactone, is formed. The 
lactone is obtained together with t-hydroxystearic acid when concen¬ 
trated sulphuric acid is allowed to act on ordinary oleic acid.^ It 
is also obtained by heating oleic acid with 10 per cent of zinc chloride 
to 185° C. (see Vol, III. Chap. XV. “ Conversion of Oleic Acid into 
Candle Material ”). 

According to Shukoff and Schestakoff} stearolactone as obtained (in 
a yield of 35 per cent) by the action of concentrated sulphuric acid 
on commercial oleic acid has the iodine number 16-20, and, assuming 
it to be a monobasic acid, the mean molecular weight 375, which, 
after boiling with alcoholic potassium hydroxide, falls to 291. This 
points to the presence of an anhydride similar or analogous to those 
formed on heating hydroxystearic acid. After distillation the iodine 
value increases considerably. 

If pure stearolactone is treated with sulphuric acid it is partly 
converted into soluble, acid products, which are probably sulphonic 
acids. 

Stearolactone forms fine white crystalline lamina) melting at 47°-48° 
C.; it can be distilled almost unchanged. It is insoluble in water, 
and dissolves easily in alcohol, ether, and petroleum ether. Boiling 

acid. The tnio 0 'liydroxy»te;iric acid, CjjHj,. . CH(OH)COOH, was prepared by 

Hell and Ha»loiiisky {lierictUe, 1891, 2391}, Le Sueur {Journ, Vhem. Soc.^ 1904, 1709), 
and Pouzio {Hn'V.. ckim. ital., 1904 (34), 77); it melts at 91"-92" C. 

* Jnum. RuKi. Phya. Chem. Soc., 1908 (40), 830. 

" Cp. Lewkowitsch, Journ. Soc. CheM. Iml., 1897, 392. 
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solutions of alkalis dissolve the stearolactone with the formation of 
salts of y-hydroxystearic acid. On adding a mineral acid to such 
solutions, stearolactone, but not the free acid, is obtained. Provided 
the above-given constitutional formula be correct, an assumption 
which stands in need of experimental corroboration, a migration of the 
double bond must have taken place. 

(c) A (or 1,12) Hvdroxystearic Acid, CH»(CH.,).CH 
(OH)(CH2)i„COOH 

This acid is best prepared from its methylester. It melts at 78“ C,; it 
is soluble in alcohol, ether, and chloroform, but is insoluble in petroleum 
ether and water ( Woldenberg^). 

Methylester, CHjiCHjljCHiOHXCHjlioCOOCHj, is obtained from 
the methylester of ricinoleic acid by reduction with hydrogen in the 
presence of platinum as a catalyst. 

With regard to derivatives of Hydroxyhehenic Acid cp. D. Warm- 
hrunn} 

2 . Dlhydroxylated Acids 

•(DinvmioxYTioLic) Tigi.k-eric Acid,® C5Hjj04 = C5H802(0H)2 

Tigliceric acid is obtained by oxidising tiglic acid with potassium 
pcrnianganate. The acid crystallises (from ether) in small plates, 
melting at 88“ C. It is readily soluble in water, alcohol, and acetone, 
but insoluble in petroleum ether, chloroform, and benzene. 


Diiiydroxyi.ated Acids, 

(a) Dihydroxypalmitic Acid, 

This acid, obtained synthetically from dibromopalmitic acid 
(dibromo-addition product of hypog»ic acid) by boiling with silver 
hydroxide, forms small laminie (from alcohol) melting at 115° C., and 
readily soluble in alcohol and in ether. 

{b) Dihydroxypalmitoleic Acid, Ci6H3o02(OH)2 

This acid ^ obtained by Bull by oxidising palmitoleic acid, 
obtained from cod liver oil, with potassium permanganate at 0° C., 
crystallises from alcohol in shining white leaflets melting at 125° C. 
The above formula is confirmed by the determination of the acetyl 
value, viz. 355-7 (theory requiring 355). Dihydroxypalmitoleic acid 
appears to be identical with a dihydroxylated acid obtained by 
Ljuharsky ® on oxidising the liquid fatty acids from Caspian seal oil. 

* Imvjf. IHsnerL, Ziirieli, 1909. ^ Inav^. Dkmt., Konigsberg, 1903. 

^ Fittig, Lid'ujH .(«/(«/. 283, 111. * Ikridile, 1906, 3574. 

^ .loiirn,. f. praki, Ghm., 1898 (67), 26. 
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It formed with dihydroxystearic acid a molecular compound be 
in many respects like a chemical individual (“ eutectic comp 
see p. 116) of the composition C 1 JH 34 O 4 ; it melts at 121°-126° C. 

In the light of Ljuharshjs and Bull’s statements the ch 
individuality of the acid € 4 , 113404 , described by Fahrion,^ m 
doubted. 


Dihydeoxydihvdko-ohadlmoogrio Acids, C18II34O4 = Cj,! 

(OHlj.COOH 

Two acids of this composition ivcre obtained by oxidation of 
moogric acid with potassium permanganate (see p. 205). 


Diiiydroxylatud Acids, Cjgn340.,(011)2 
( a ) Dihydroxystearic Actd^ 

Dihydroxystearic acid is best prepared by o.xidising on 
oleic acid with potassium permanganate in alkaline solution ; 
ordinary temperature. It forms crystalline laminic melting at 
C. (Saijlzeff), 134° C. (Alhitzhj), 1.32°-133° C. (leu-Uwilsch)? 1 
132° C. (Le Sueur),* and solidifying at 11!)°-122° C. It is comj 
insoluble in water, easily .soluble in hot alcohol, less .so in the coh 
sparingly soluble in ether. 

This dihydroxystearic acid has been resolved into two op 
active isomerides by means of its strychnine salt ^ (cp. Gribi, p. 

On treatment with potassium permanganate in the hot, pcia 
(nonoic, nonylic), azclaic, and oxalic acids arc obtained, but n 
stated by Spiridonoff,* sebacic, suberic, and caprylic. acids. 

The calcium, zinc, and nickel salts yield, on heating to 1G5°-1 
for twelve hours, considerable quantities (24-34 per cent) of U 
stearic acid, CH 3 {CH 2 ),CO(CH, 2 )gCOOH; this conlirms indirect 
con.stitiitional formula given above (p. 178) for oleic acid. 

(b) D 1 HYDROXY.STEARIDIC Acid 

On oxidising claidic acid with potassium permanganate a dihy 
acid is obtained differing from the preceding acid by its lower 111 
point, viz. !)9°-100° C., and by its greater solubility in alcohol, 
more easily oxidi.sed in the course of preparation than the isor 
obtained from oleic acid (Saylzeff)P 

The dihydroxystearic acid melting at 98°-99° €., which was 

' Journ. Soc, Cham. Iml., 1893, 936. <'p. also (Jham. Xeit., 181(9, 1043. T 
was fh'scrilied in tlio .secoii'l edition of tlii.s work (p. 70) iia diliydroxyiuscllic acid. 

2 This acid mu.st not Ikj confounded with natural diliydroxystcaric m id ; cp. j 

^ Jiiiirn. S<>c. Chem. hid., 1900, 845. * Ibid., 1901, 1316. 

•’ Frenndler, null. Si,c. Chim., 1895 (13), 1052. 

® ('p. hxlmed, Journ. Chem. Soc., 1898, 627. 

Journ. f. yrakt. 1883 (33), 315. 
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by Schreiner and Shorey^ to be of common occuircnco in poor soils, 
is probably identical with this acid. 

(c) p-DlHYDEOXYSTEARir; Acll) 

This acid, obtained from “ iso-olcic ” acid by oxidation with 
potassium permanganate, as also by treatment of dibromo-" iso-oleic ” 
acid with silver hydroxide, forms a crystalline powder, melting at 
T^o-Ygo (s ^ Saytzeff),'^ 70°-80° C. (Griin),^ and easily 

soluble in alcohol and ether. By treatment with pota.ssium iodide, it 
yields an iodo,stearic acid which can be reduced to stearic acid by 
digestion with tin and hydrochloric acid. This acid was described 
originally by SaytzeJJ as an a-j 8 -dihydroxystearic acid, on the (now 
disproved) assumption that “ i.so-oleic ” acid had the constitutional 
formula C, 5 H 3 |.CII = CH.COOIl. 

The true a-j3 (2, 3) dihydro.xystoai-ic acid, 0 j 5 ll 3 jClI( 0 H).Cn 
(011)00011, obtained from 2, 3, oleic acid by o.xidation with potassium 
permanganate crystallise.s (from ethyl acetate) in slender needles 
melting at 126“ C., and i.s only slightly .soluble in alcohol, ether, or 
acetone in the cold, but appreciably .soluble in boiling water (Le Siicur,* 
Ponzio ^). 

(d) A dihydroxystearic acid melting at 122° C. is obtained from 
pctroselinic acid (p. 192) by oxidation with potassium permanganate 
(Kohler), 

(c) A dihydro.xystearic acid, melting at 129-5° 0., was produced 
by oxidi.sing liver lecithin oleic acid (sec p. 193) with potassium per¬ 
manganate (Hartley). The acid i.s soluble in ether, alcohol, acetone, 
and ethyl acetate and crystallises from all these solvents, generally in 
form of hexagonal prism.s. It is slighiJy soluble in chloroform and in 
boiliug water (difference from the acid described sub («)). On further 
oxidation it yields caproic acid (and oxalic acid). 

(/) A dihydroxystearic acid, melting at Il6°-U7° C., solidifying 
at 111’-113° C., is obtained by digesting di-iodostearic acid, derived 
from ricinolcic acid, with silver hydroxide. Vhciiowsky ^ ascribes to 
this ai-id the constitution CH 3 (CH 2 ) 3 .CH(OH).CIl 2 .CH(OH). 
( 0112 ) 300211 . It can be readily reduced to stearic acid. The same 
acid is found amongst the pmducts resulting from the action of con¬ 
centrated .sulphuric acid on ricinolcic acid (see p. 216). 

For the, several dihydroxystearic acids obtained by the action of 
concentrated sulphuric acid at 5°-10° 0. on ricinolcic acid by Grun cp. 

p. 216. 

The 9,12 Dihydroxystearic acid, Cllg.( 0113 ) 5 .CH(OII).CIl 2 .CH 2 .CH 

^ JouriK Amcr. diem. Sue., 1908, 1599. 1911, 1412. Unit. Agric., Circ. 

74, Jan. 1913. 

^ Jmirn.f. praki. Chem., 1888 (37), 276. ’ Bcrkhie,, 1906, 4400. 

•* Joimi. Chem. 1904, 1712. ® Oazx. chim. 1905 (3.5), ii. 1. 

Berichte, 1909, 3351. 
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(0H)(CH2)7C00H, melts at 69'5°-70° (Wetterkamp ^). On heating, the 
dihydroxy acid forms a caoutchouc-like mass, which finally becomes 
VISCOUS, there being formed at first an acid ester of the com¬ 
position C]7H33(OH)2 .COO.Cj7 H33(OH).COOH, which is gradually 
converted into the neutral lactide of dihydroxystearic acid 
^0-C0\ 

The sulphuric ester 

CHjO.SOjHl.CHj.CHj.CHlO.SOgH).( 0112)700011 is prepared by the 
action of chlorosulphonic acid on the 9-12 dihydroxystearic acid. It 
is readily soluble in water. On heating, it forms inner anhydrides like 
the 9-12 acid itself. 

The optically active 9-12 dihydroxystearic acid is obtained in its 
pure state, melting at 126° C., from the fraction melting at 120° 0. 
(see p. 216) by further re-crystallisation. A preparation, the optical 
activity of which has, however, not been tested, was found to be 
insoluble in petroleum ether, ether, and cold alcohol, and only sparingly 
soluble in hot alcohol. The solution had an acid reaction. The acid 
exhibited the property, characteristic of all hydroxy acids, to be con¬ 
verted, by prolonged heating above its melting point, into a syrupy 
mass containing anhydrides. 

For the natural dihydroxy.stearic acid melting at 111°-143° C cn 
p. 221. ‘ 


Dihydroxy jEOOLEic Acid, 0,5113804 = 075113502 ( 011)2 

This acid, stated to have been obtained by oxidising the litpiid 
cod liver oil fatty acids with a half-saturated solution of pota.ssium 
permanganate at 0° 0. {HcyerdaM), is in Bull's^ opinion probably a 
“ eutectic ” mixture of derivatives of oleic and gadolcic acids. The 
melting point is given by Heyerdahl as 1M°-116° 0. 

Dihydroxygadoleic Acid, 025114304 = 02„H3802(OH)2 

On oxidising gadoleic acid (p. 194) with an alkaline solution of 
potassium permanganate at 0° 0., dihydroxygadoleic acid crystallising 
from alcohol in lustrous white crystals, melting at 127-5°-128° 0. (Bidl 
is said to be obtained. 

Diuydroxylated Acids, C22H4202(0H)2 
(a) Diiiydroxybeuenic Acid 

This acid, obtained by oxidi.sing erucic acid with pota.ssium per¬ 
manganate, forms granular crystals melting at 132°-133° 0. 132°- 

‘ Griin iiud Wotterkaiiip, Farben-Zeilnng, 1909,279. Wetterkamn, Imwq. Jjuserl.. 
Zurich, 1909. 

“ JSerichte, 1906, 3576. 
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133-5° C. {H. Meyer and R. Beer '). It dissolves readily in warm alcohol, 
but is insoluble in cold ether.^ 

(6) ISOWHYDROXYBEHENIC AciD ® 

Isodihydroxybehenic acid prepared from brassidic acid by oxidation 
with potassium permanganate, melts at 99''-100‘’ C., and solidifies at 
88°-87° C. 


(c) Para-dihydroxybehenic Acid^ 

This third isomeride prepared from “ isoerucic ” acid, melts at 
86 °- 88 ° C., and solidifies at 82°-80° C, 


3 . Tplhydroxylated Acids, CjgHjjOjfOHlj 

Trihydroxylated acids are obtained by oxidising ricinoleic and 
ricinelaidic acids respectively with potassium permanganate. Three 
acid.s have been described hitherto {Hazura and Griissner ; two are 
derived from ricinoleic, and the third from ricinelaidic acid. Mangold 
showed that ricinelaidic acid also yields two trihydroxylated acids, 
one of which is certainly identical with that prepared by Hazura and 
Griissner. It sliould be pointed out that by oxidising the methylester 
of ricinoleic acid with potassium permanganate Haller obtained only 
one trihydroxystearic ester, melting at 87° C. 

(a) Trihydroxy.stearic Acid 

This acid obtained from ricinoleic acid together with the following 
acid (b), crystallises from hot water in microscopic needles melting at 
140°-142° C. It is insoluble in cold, and dissolves with difficulty in 
hot water, as also in cold alcohol and ether. Warm alcohol and glacial 
acetic acid dissolve it readily. Trihydroxystearic acid is insoluble in 
carbon bisulphide, chloroform, benzene, and petroleum ether. Probably 
this acid is optically active.® 

(6) 9, 10, 12 TRinYDROXYSTEARIC AciD 

This acid differs from the preceding one by its lower melting point, 
viz. 110°-111° C., and by its ready solubility in ether and benzene. The 
acid is optically active; ® [a]„= -6-25° in glacial acetic acid {c = 10). 
By prolonged heating to 115°-120° C. the acid is converted into a viscous 
substance which represented, after purification, an inner anhydride 
of the formula ( 018113404 ) 2 . 

^ Afitt. d. K. K. Akad. d. IKm., Viooiia, January, 1912. 

^ Hazura and Griiseuer, MonaUh. /. Chevi., 1888 (9), 948. Cp. also Albitzky, 
ahevi, CentralbL, 1899, i. 1068. 

I ^ Saytzeff, Joum,f. prakt. Ohm., 1894 (60), 82 ; Albitzky, Chtm. Ce)Uralhl., 1899, 
i. 1068. * Alexandroff and Saytzeff, Jourit./. prakt. Ohm., 1894 (49), 63. 

® Op. also DicIF, .Iguth. f. prakt. Ohem., 1889 (39), 339. 

« Walden, Berichtc, 1894, 3475. 
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The sulphuric ester, CH 3 (CH 2 ) 5 CH( 0 S 03 H)CH 2 CH( 0 S 03 H).CH 
( 0 S 03 H 2 )(CIl 2 ),C 00 H, obtained by the action of chloiosulplionic acid, 
is soluble in water. On hc.ating the aqueous solution, sulphuric acid 
is .split oil and a condensation product is obtained which appears to 
be formed of three molecules of trihydroxystcaric a(;id. The con¬ 
densation product has very lihely the following composition, C] 7 H 32 
(0H)3C0.0. Ci,H32{ 0II)2C0.0. Ci,H 32 . (0 FI )2CobH. 

(c) ISOTEIHYDBOXYSTEABIC AciD 

Two isomerides are obtained, according to Mamjold,^ by oxidising 
ricinelaidic acid. One of these was de.scribcd by Haztira mid Oiiissner 
as melting at 111°-115‘’ C., sparingly soluble in hot water, ether, chloro¬ 
form, and petroleum ether, and dissolving readily in alcohol. Probably 
Mangold’s acid, of the melting point 113°-116“ (J., is identical with 
isotrihydroxystearic acid. 

The second trihydroxystearic acid from ricinelaidic acid melts 
between 117° and 120° C. 

It appears probable that both acids rotate the plane of polarised 
light. 


4. Tetrahydroxystearic Acid, CijIl3202(0H)4 

The tetrahydroxystearic— salinic —acid obtained by Hazura on 
oxidising linolic acid, crystallises from water in microscopic needles or 
pyramidal prisms melting at 173° C. {Hazura), 171° 0. {Ilehiicr and 
Mitchell). One part of the acid is soluble in 2000 ]iarts of boiling water. 
Sativic acid is in.soluble in cold water, ether, chloroform, carbon bi¬ 
sulphide, and benzene. Hot alcohol and glacial aceti(; acid di.ssolve 
it readily. Potassium permanganate oxidises it to azelaic ac id, oxalic 
acid, and a hexoio (ca|)i oic ?) acid (Goldsuhd ^). 

Several observei-s ^ obtained by the same method tetrahydroxy 
acids of lower melting points (152° C.; ]57°-]58°C.; 1C1° C.; 16.5” C.). 
Since theory predicts the existence of a number of isomeric; tetrahydroxy 
acids, the author considered it likely that at least two isomeric tetra¬ 
hydroxystearic acids existed.'* Since then, indications as to their 
existence seemed to have been furnished by the fact that Hartleg ^ 
obtained two apparently different tetrahydro.xy acids by oxidising tlic 
licjuid fatty acids of liver fat. One of these acids mcltetl after repeated 
crystallisation at 175° C., and yielded on further oxidation with 
potassium permanganate volatile acids (acetic, caproic). 

This view appeared to be further confirmed by observations of 
'I'sujimoto,^ who obtained from chrysalis oil, soya bean oil, and rice oil, 
tetrahydroxystearic acids melting respectively at 151° C., 156°-157'5° 
C., and 159° C. 

■ Mrmalsh.f. (Jlieiit., 1892, 320. ^ Chctii. Xe.iL, 1900, 82.’;. 

” Fcihrioii, Xeils. f. angew. C'Am., 1901, 1483 ; l’nwc.r ctiicl llurrowclilf, Jmm.. Ctieni. 
Six., 190!1, 890 ■ Krfiz'aci, CAeiii. Revur, 1908, 8 ; 1909, 3. 

^ Sc;c; 4tli eclitiem of this work, Vol. I. p. 177 ; JahrburJi it. Cht'm., 1909, xix. 4.3. 

“ Jornn-. f. Vkysid., 1909 (38), 307. * Glmn. Heme, 1911, p. 111. 
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The view that the lower melting point of some preparations of 
sativic acid might be due to small proportions of adhering diliydroxy- 
stearic acid was disproved by II. Meyer mid R. Beer,^ who by careful 
purification of a tetrahydroxystearic acid melting at 158°, only succeeded 
to raise its melting point to about 163° C. They tlierefore arrive at 
the conclusion that two isomeric sativic acids exist, melting respectively 
at 173° C. and 162°-163° C. The lower melting acid is termed a-salivic 
mid, the term ^-sativic acid being reserved to tlie higher melting acid, 
a-sativic acid is more readily soluble in water than the higher melting 
/S-acid. The two acids would therefore appear to correspond to two 
linolic acids. This finds support in a statement by Thoms, who obtained 
from telfairic acid a tetrahydroxy acid melting at 177° C. 


5. Hexahydroxystearie Acids, CigHgoGaiOn),, 

(a) Linusic, .Acid ^ 

Linusic acid, obtained by the oxidation of linolenic acid, crystallises 
from water in rhombic plates (occasionally in needles) melting at 
203°-205° C. (Hazura), 204-5° C. {Kriiian). Linusic acid is more 
l eadily soluble than sativic acid in water ; it is insoluble in ether, and 
sparingly soluble in alcohol. 

(i) IsouNUSK^ Acin^ 

This isomeride was first obtained, together with linu.sic acid, by 
oxidising linseed oil fatty acids with potassium permanganate. From 
this acid the existence of isolinolenie acid (p. 209) was inferred. 

Isolinusic acid crystallises in prismatic needles melting at 17.3°-175° 
C. (Hazura), 176° C. (Krzizau). It is sparingly soluble in cold water, 
and dissolves easily in hot water and hot alcohol; it is insoluble in ether, 
benzene, carbon bisulphide, and chloroform. 

Bedford doubted the existence of this acid (cp. p. 233). The state¬ 
ments of Tsujimolo and Krzizau, who obtained isolinolenie acid from 
chrysalis oil, and from rasjiberry and blackberry seed oils, respectively, 
would not, in the author’s opinion, have controverted Bedford’s state¬ 
ment, inasmuch as in each case the “ isolinusic ” acid rvas only identified 
by its melting point, which is the same as that of j8-sativic acid. But 
since Rollett has shown that linolenic acid prepared from hexabromo- 
linolenic acid yields on oxidation linusic as well as isoliumsic acid, the 
existence of isolinusic acid can no longer be doubted. 


6. Octohydroxylated Acids, Ci.Hjn-gOgiOHig 

Acids of this composition should be obtained by very careful oxida¬ 
tion of the acids belonging to the clupanodonio series. Clupanodonic 
^ Moitatih./. C/irw., 1892 , 829 . 

“ Reforinatzky, Jonrn. f. jmikt. Chem., 1890 (11), 529, threw Uoubt on the existence 
of thoso acids. 
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acid itself, although readily accessible, has not yet been examined in 
this direction. The existence of a higher octohydroxylated acid should, 
however, point to the possibility of preparing octohydroxystearic acid. 

OCTOHYDROXYARACHIDIC AoiD, C 2 „H 4 „Oi|, = C2oH5202(OH)8 

This acid was found amongst the oxidation products of the unsatur¬ 
ated acids of liver lecithin (Hartley ^). It i.s easily soluble in water and 
crystallises from it in small rectangular prisms, melting at 195° C. 

II.— Acids of the Stearolic Series, 

These acids are isomeric with the acids of the “ Linolic Series.” 
They differ from them in that they contain one pair of trebly linked 
carbon atoms. They are also isomeric with the acids of the “ Tariric 
Series,” with which they share the property of having one triple bond. 

The acids belonging to this .series are obtained from the dibromo 
derivatives of the acids of the “ Oleic Series ” by heating with (niethyl- 
or ethyl-) alcoholic potash, whereby two HBr groups arc eliminated. 

These acids are very stable and arc not oxidised by exposure to the 
atmosphere, like linolic acid. On treatment with chlorine or hroiiihie, 
one molecule of the halogens is easily assimilated. The second molecule 
is only absorbed, if the halogens be allowed to act tor a prolonged time 
and the action be assisted by heat or by exposure to daylight. The 
absorption of iodine is much slower than that of chlorine and bromine ; 
even if ferrous iodide be used as a catalyst, the amount of iodine absorbed 
does not exceed one molecule.^ By allowing iodine to act in a solution 
of glacial acetic acid, and heating to 50“ or G0“ C. with agitation, the 
di-iodides are formed rapidly and quantitatively. 

Even if Hiibl’s reagent be used (on stearolic and behenolic acids), 
only one molecule of iodo-chloride is absorbed. This behaviour forms a 
characlerislic difference between these acids and the isomeric acids of the 
linolic series. (The same characteristic difference exists between the 
glycerides of stearolic and behenolic acids on the one hand, and linolin 
on the other.) 

Molinari’s statement that stearolic acid does not assimilate ozone 
and can thus be easily differentiated from the acids of the linolic scries, 
is strongly contested as erroneous by Harries,^ but is quite as strenu¬ 
ously maintained by Molimri.* 

Palmitolic Acid, Ci5H2j02 = CH 3 .( 0112 ) 7 .CsC.fCHjls.COOlI 

Palmitolic acid (not to be confounded with palmitoleic acid, p. 177) 
obtained by heating hypogsic dibromide with alcoholic potash to 170° C. 
(Schroder ®), crystallises in silky needles melting at 42° C. (47° Boden- 
stein*). It boils under 16 mm. pressure at 240° C. It is insoluble in 

* Journ. f. Vhynol., 1909 (38), 367. 

* Lieberniaim and Saclise, Bcrichle, 1891, 4112 ; QueiiHell, ibul., 1909, 2441. 

8 Benchte, 1907, 4907, * BeridUe, 1908, 69.'); 2782. 

® Liebigs Annal., 1867 (143), 27. ® Bcrichle, 1894, 3402. 
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water, easily soluble in alcohol and ether, and absorbs readily two and 
four atoms respectively of bromine. After treatment with fuming nitric 
acid the following oxidation products were identified: Palmitoxylic 
acid {CJJH 24 O 4 ), suberic acid, and suberic aldehyde. By treatment 
witli concentrated sulphuric acid keto-palmitic acid, CHj.fCIljlv.CO. 
(CH 2 )jC 02 H, melting at 74° C., is obtained. 

Stearolic Acid, Ci8H3202 = CH3-(CH2),-C-C(CH3),-C00H 

Stearolic acid is obtained by heating oleic dibromide with alcoholic 
potash {Overhech} Quensdl ^). The several glycerides (mono-, di-, tri-) 
prepared synthetically from this acid have been described above (p. 29). 
It crystallises from alcohol in long white prisms melting at 48° C. 

The comparatively high melting point had induced the author to 
prepare it commercially from oleic acid with a view to using it as candle 
material (cp. Vol. III. Chap. XV. “ Conversion of Oleic Acid into Candle 
Material ”). 

Stearolic acid (like tariric acid) seems to absorb hydrogen in stain, 
rmscendi with difficulty. Ariiantl ^ reduced stearolic acid to stearic 
acid by means of fuming hydriodic acid and amorphous phosphorus. 
There is little doubt that reduction with hydrogen in the presence of 
catalyst would readily yield stearic acid. 

By oxidising stearolic acid with nitric acid, pelargonic and azelaic 
acids are obtained. Oxidation with potassium permanganate yields as 
principal products pelargonic and suberic acids. Cajirylic and azelaic 
acids represent only 25 per cent of the resulting substances (Arnaud and 
Hascnfmtz^). By careful oxidation stearoxylic acid is obtained. On 
melting with caustic potash, acetic, hypogieic, and, finally, myriatic 
acids are obtained {Marasse* BndensleUv’). 

Concentrated sulphuric acid yields with stearolic acidlO,ketostearolic 
acid {Baruch^). 

Stearolic acid absorbs two molecules of hydriodic acid when a current 
of hydriodic acid gas is passed through the melted acid ; the di-iodo- 
stearic acid so obtained can be reduced to stearic acid, wdiilst the addition 
product obtained when allowing only one molecule of hydriodic acid 
to be absorbed, yields, by reduction with zinc and acetic acid, elaidic 
acid. By boiling the addition product from one molecule of hydrioidic 
acid and one molecule of stearolic acid, the original stearolic acid is 
regenerated, whereas the product from two molecules of hydriodic acid 
and one molecule of stearolic acid yields a complex mixture containing 
regenerated stearolic acid and two isomerides having triple bonds 
respectively between the 8 th' and 9th carbon atoms and between the 
10th and 11th carbon atoms. Nitric acid oxidises the former of the two 
acids to suberic acid, and the latter to sebacic acid. 

Stearolic di-iodide, CjjHjjOjIj, was obtained by allowing iodine in 
carbon bisulphide solution to act on stearolic acid, ferrous iodide being 
used as a catalyst {Liebermanu and Sachse The iodide is formed 

* LieUi/'s Alt,ml., 1866 (140), 49. “ Cmipt. Reud., 1896 (1!!2), 1000. 

» Cmnpt. rend., 1911 (162), 1603. * Btrkhle, 1869, 269. 

‘ Ba-ktde, 1894, 3398. ® Bcrkhte, 1894, 174. ’ Rmehte, 1891, 4116. 
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almost instantaneously by employing Arnatid and Pasternak’s ^ method, 
the theoretical quantity of iodine being allowed to act in glacial acid 
solution on the acid at a temperature of 60°-60° C. with agitation. The 
di-iodide crystallises from strong alcohol in colourless needles and from 
somewhat dilute alcohol in plates melting at 51° C. The amnmimm 
salt is easily soluble in cold alcohol (Difference from tariric acid). 

Methi/lcster, cry.stallises in needles solidifying at -3° C., and distils 
under a pressure of 20 mm. at 201°-206" C. 

Ethi/kster, distils under a pressui’c of 20 mm. at 215°-216° C. 

Amide, crystallises in .scales melting at 78° C. 

Anilide, crystallises in prtsms melting at 63° C. 

Petboselinolio Acid, Ci8H3.202^-CH3.(CH2)i„C==C(CIl2)4C00H 

This acid, the constitutional formula of which is assumed (by the 
author) to correspond to that of petrosclinic acid, was prepared by 
melting petroselinic dibromide with alcoholic potash under pre.ssure 
(.see p. 193). The acid melts at 15° C. ( H. Yongerickteii and A. Kohler ^). 

Behenolic Acid, 0.221143 = 020113-(CH2)7-C = C-(CIljln - COOH 

This acid, obtained from erucic dibromide in the same manner as is 
stearolic acid from oleicdibromidc (cp. Ollo,^ Haushuecht,'^ v. Grossmanu,^ 
Holt ; ° Qaciisell crystallises from alcoliol in shining needles, melting 
at 57-5° C. The several glycerides (mono-, di-, tri-) containing this acid 
have been described above. 

Behenolic acid absorbs readily two and four atoms of bromine, 
forming respectively dibroniide and tetrabromide. With zinc dust 
and glacial acetic acid it is reiUiccd to brassidic acid. Fuming nitric acid 
oxidises it to dioxybehenolic, lirassidic, C 22 H 4 „ 04 , bras.sylic, O 13 H 24 O 4 , 
pclargonic, and arachidic acids, with evolution of carbon dioxide 
(Grossmann). By treatment with concentrated sulphuric acid keto- 
behenic acid, Cjil 4 jCO.(CH 2 )] 2 f’OOH, is obtained.'' 

Behenolic di-iodide, C 22 H 43 l 20 . 2 ,i 3 obtained by allowing the theoretical 
amount of iodine to act on a glacial acetic acid solution of behenolic acid 
at a temperature of 50°-60° C. It crystallises from hot alcohol in soft 
needles, melting at 50°-51° C. (Arnaud and Pasternak^). 


III.— Acid of the Kicinstearolic Series, Cj 3 H 3 j( 0 H )02 

Ricin.stearolic Acid, 033113203 = 0113.(CIl2)5.CH(OII).CIl2-C = 

0(OH2),.OdOH 

Ricinstearolic acid, obtained from ricinoleic dibromide in the same 
manner as is stearolic acid from oleic dibromide (Ulrich,Ooldsobel',^" 
I Cempt. rend., 1909 (149), 220. 

’ lierirhie, 1909. 1638. “ Lieliiij's Annal., 1865 (136), 226. 

‘ lUd., 1867 (143), 41. ' KsxrL, Uipzig, 1890. Ikrithlr, 1893, 641. 

« bnu'j. Dirserl., Rostock, 1892. ’ Inimij. Dissert., Ucrliti, 1909. 

“ amipt. rend., 1909 (149), 221. ” ZeiLf. Chan., 1867, 647. 

>» BericMe, 1894, 3122. 
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Mangold i), orystallises from alcohol in needles melting at 61° C, { Ulrich ); 
53° C. (Quensell ®). 

The acid is optically active a[ii] — + 13'67° in acetone solution (for 
c = 6'4) {Walden^). 

Treatment with concentrated sulphuric acid leads to ricinostear- 
oxylic acid (Icetohydroxystearic acid), CidH^jO^. 

The sulphuric eskr, CHsCCHals.CHlO.SOalll.CHa.CsC.iCirj), 
COOir, is obtained from clilorosulphonic acid and ricinstcarolic acid 
{Woldenberg 


IV. —Diiia.sic Acins 

These acid.s are soluble in water, and are therefore easily isolated. 
Their characteristic melting points afford a ready moans of identifi¬ 
cation.'’ 


Suberic Acrn, (COOIIja 

Suberic acid crystallises from water in long needles or irregular 
plates melting at 140° C. ; it boils in vacuo at 1.52'5° C., and under a 
pressure of 15 mm. at 230° C. 

The acid is almost insoluble in chloroform. 100 parts of ether 
dissolve at 15° C. 0-809 part; 100 parts of water dissolve at 0°, 15-5°, 
20°, 50°, 05° C.—0-08, 0-142, 0-lC, 0-98, 2-2 iiarts respectively. 

AzelaIo Acid, C5|Hj5()j.^G,FIi4(COOn)2 

This acid is one of the decomposition [irodncts of oleic acid ozonide 
and linolic acid ozonide, as also of the nitrogen tetroxide addition com¬ 
pound of oleic and ricinoleic acids. It cry.stallises from water in large 
lamime or long Hat needles, melting at 100-2° C. ; it boils in vacuo at 
158° C., and under a pressure of 15 mm. at 237° C. 

100 parts of other dissolve at 11° C. 1-88 |)arts, and at 15° C. 2-G8 
parts of the acid. 100 parts of water dissolve at 0°, 20°, 50°, 66° C.— 
0-10, 0-24, 0-82, 2-22 parts respectively. Molinari and FeimroH ® give 
the following solubilities : 100 parts of water dissolve at 15°, 22°, 44-6°, 
and 55° C. respectively the following amounts:—0-212, 0-214, 1-017, 
1-648 parts; at higher temperatures the solubilities increase rapidly. 

Sebacic Acid, C]Qlljj04 = CgHi8(C00II)2 

Sebacic acid was recognised by Rcdtenhacher ’ ns a characteristic 
product formed by do.structive distillation of oils and fats. It forms a 
decomposition product of the nitrogen tetroxide addition compound 

» MomtsKe/te, 1895 (1.5), 314. 

® Inmig, Dissert., Berlin, 1909. ” Dcrtelde, 1894, 3475. 

^ Intuig. Dissert., Ziiricli, 1908, “ Cp. Bouveault, Diitl. Soc. Chivi., 1898, 562. 

® Bcrkhte, 1908, 2790. i Liebig's Annal., 1840 (35), 190. 



238 


CONSTITUENTS OF FATS AND WAXES 


CHAP. 


of isoleic acid. Sebacic acid crystallises from water in thin laminae, 
melts at 133°-133'6° C., and boils in vacuo at 164° C., and under a pres¬ 
sure of 15 mm. at 243-5° C. It is easily soluble in alcobol and ether. 
100 parts of water di.ssolve at 0°, 20°, 60°, 65° C.—0-004, 0-10, 0-22, 
0-42 parts respectively. 

Brassylic Acid, ©53112404 = CuHjjlCOOHlj 

Brassylic acid is obtained from erucic acid as one of the decom¬ 
position products of its ozonide or its nitrogen tetroxide addition 
product (Jegorow ); it is also formed by oxidation of behenolic acid with 
fuming nitric acid. It crystallises from hot aqueous solutions in fiat 
needles, melting at 112°,* 114° C.^ ; the acid is easily soluble in alcohol 
and ether, insoluble in petroleum ether and cold benzene; 100 parts 
of water dissolve at 24° C. 0-74 parts. 


B. ALCOHOLS 

I.— Alcohols of the Ethane Sebif.s, C„H 2 „+ 2 <^ 

The alcohols belonging to the saturated series occur in waxes, or 
in the wa.x-like “ un.saponifiable ” constituents of some fats and are 
solid, white, crystallisablc substances, melting without decomposition. 
They are not acted upon by dilute alkalis or acids ; on boiling with 
alcoholic potash and diluting the .solution with water, they are pre¬ 
cipitated unchanged. Hence they are termed “ unsaponifiable.” 

On heating the alcohols with organic acids (or their chlorides or 
anhydrides) esters are formed with elimination of water. 

The alcohols dissolve in concentrated sulphuric acid in the cold 
to form alkyl sulphuric acids ; on boiling with dilute acids they are 
re.solved into their components (cp. Chap. IX.). 

,4 characteristic property of the alcohols, used for their identification, 
is their behaviour with soda-lime (or potash-lime) on heating ; they are 
thereby converted into the corresponding fatty acids, with evolution 
of hydrogen. Thus cetyl alcohol yields palmitic acid, as is indicated 
by the equation— 

C'nHj,. CHj. OH -I- NaOH=C, jll.,,. COONa-l-2Hj. 

On oxidation with chromic acid in acetic acid solution, they yield fatty 
acids having the same number of carbon atoms. 

These reactions are employed for the identification and quantitative 
determination of these alcohols (Chap. IX.). 

’ Orossiiiaiiii, Ikrichle, 189Ji, G44. 

^ Fileti and I’oiizio, (inzz. chim., 1893 (23), ii. 393. 
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PiSANGOBRYL AlCOHOL, CjjHjgO * 

Pisangceryl alcohol is stated to be the alcoholic constituent of pisang 
wax ; it melts at 78® C. The uneven number of carbon atoms would 
seem to suggest that the identity of this alcohol requires confirmation. 

Cktyl Alcohol, 

Cetyl alcohol, or ethal (first isolated by Cheoreul), occurs, combined 
with palmitic acid, in spermaceti. It has also been found in the sebaceous 
glands of geese and ducks. It is a white, tasteless, and odourless 
crystalline mass melting at 60“ C. and boiling under ordinary pressure 
at 344“ C. without decomposition, under a pressure of 15 mm. at 
189-5“ a, in vacuo at 119“ C. =, 0-8176 ; ^“- = 0-8105; d'-'T- 
=0-7984; d'"?=0-7837. 

Cetyl alcohol is insoluble in water; it dissolves in alcohol, and is 
very easily soluble in ether and in benzene. The statement that cetyl 
alcohol, when heated with an aqueous solution of potassium bichromate 
and dilute sulphuric acid, is converted into cetyl aldehyde crystallising 
from alcohol and ether in lustrous lamina) is incorrect, as cetyl alcohol 
remains for the most part unchanged ; in acetic acid solution, however, 
the oxidising mixture converts cetylalcohol into palmitic acid.^ Cetyl 
alcohol dissolves in cold concentrated sulphuric acid to form cetyl 
sulphuric acid, CijHjjO.SOjH, which by boiling with aqueous hydro¬ 
chloric acid is split into sulphuric acid and cetyl alcohol.^ 

Ceti/l aceJatc cry.stallises in needles melting at 22“-2,3“ C., and boiling 
at 199-5“-200-5“ C. under a pressure of 16 mm. It dissolves sparingly 
in alcohol. 

Ce.ti/1 benzoate crystallises in scales melting at 30“ C.; it is readily 
soluble in ether, and dissolves with difticidty in alcohol. 

OcTODBCYL Alcohol, CjjHjjO 

This alcohol occurs, as an ester, in spermaceti and in rump 
gland wax. It crystalli.ses in large silvery lamin® (from alcohol) 
melting at 59“ C., and boiling at 210-5“ C. under 15 mm. pressure ; if 
the pressure is allowed to rise to 100 mm. it undergoes decomposition. 
d'“;- = 0-8124, d'l =0-8048, and d“;'" = 0-7849. 

4 ’4 ’4 

Octodeci/l acetate melts at 31“ C., and boils at 222“-223“ C. under a 
pressure of 15 mm. 

Alcohols, CjoHjjO 

(a) Arachyl Alcohol .—This alcohol is a constituent of the fat of the 
dermoid cysts, and hitherto has been considered to be identical with 

* Greslioff Hlul Siiok. At-r. d. trav. chim. Pays-Bu-t, HtOl. 65. 

“ Cp. Olaus anil v. Dreili-ii, Jaum.f. /ind'l. Vhan., 1891 (43), 143 ; with regani to 
cetylpho-iphaUi, cp. Bieliringi-r. tkric/ite. i90.5. 3974. 

4 Cochcuhanacn, tUngl. Petyt. Jourti., 1897 (303), 284. 
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cctyl alcohol. The alcohol melts at 70° C.; on oxidation with chromic 
acid it yields arachidic acid. Arachyl alcohol prepared from arachidic 
acid (Haller) melts at 71° C. 

Arachyl acetate melts at 44° C. and boils under a pressure of 3 mm. 
at 22° C. (Ameseder ^). 

(h) Rajthia Alcohol. —This alcohol forms the chief constituent of 
Raphia Ruliia wax (Vol. II. Chap. XIV.). It Is not identical with the 
arachyl alcohol obtainable from arachidic acid (Haller ^). The alcohol 
melts at 80° C. The acetate melts at 5.5° C.; the benzoate melts at 56° C. 


Caenauhyl Alcohol, C^H^O 

Carnaubyl alcohol, stated by Darmstaedter and Lifschiitz to occur in 
wool wax,® is obtained from its alcoholic solution {75 to 8<) per cent 
alcohol) in crystals melting at C., solidifying at 67'’-65'^ C. The 

alcohol is said to retain water very tenaciously and to form a tullow-like 
mass, consisting of 26*7 per cent of carnaubyl alcohol and 73-3 per cent 
of water. On exposure to the air this mass does not lose weight. 

By oxidation with chromic acid, carnaubic acid is obtained. 

Doubt has been thrown on the existence of this alcohol by Rohmann. 
This doubt would seem to be supported by an observation made by 
Matlhes and Sander,* who found in the umsaponifiable matter of laurel 
oil a crude alcoliol solidifying in a one per cent alcoholic solution to a 
gelatinous mass exhibiting (after drying) a melting point of C., 

which rose to 67°-08'^ 0. after rejieatcd redissolving in alcohol. This 
property, taken in conjunction with the results of elementary analysis, 
would seem to point to the substance being carnaubyl alcohol; yet by 
recrystallising from petroleum ether, the gelatinous mass could he re¬ 
solved into pure mclissyl alcohol and lauraue (a liydrocarbon, melting 
at 69" C.). 

All alcohol of the formula, C24H5QO or C25H52O, has been found in 
small quantities in beeswax. 

Ceryl Alcouol, 

Coryl alcohol occurs as ceryl ccrotate in Chinese wax, and as ceryl 
palmitate in oj)ium wax. In ordinary beeswax it occurs to a .small extent 
only, whereas it forms the only alcoholic constituent of Ghcdda wax.® 
In wool fat it is found in its free .state,® and occurs perhaps also as ceryl 
cerotate therein.’ Very small quantities of ceryl alcohol have been 
found in the unsaponifiable matter of Japan wax. It has also been 

* Zeilx./. 2>h;/8. (Jhem., 1907 (52), 121. t'impt. rend., 1007 (144), 504. 

^ BeriefUe, 1898 (29), 2890 j Journ. Hoc- Cficm. IiuL, 1897, 150. 

* Arch. d. Pharm., 1008 (246), 169. 

A. Lipp an«l E. Kulni, Journ. f. prakl. (Jhem., 1012 (86), 184. 

^ Ivfiwkowitsch, Jouryi. Hoc. CImn. hul., 1892, 138. 

’ Buiaine, Bull, Soc. Chim., 1887 (72), 201. 
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identified as a constituent of the wax of flax ^ and of carnaiiba 
wax. 

It crystallises readily from an alcoholic solution in crystals melting 
at 79° C. and undergoing decomposition on distillation. By heating 
ceryl alcohol with soda-lime ccrotic acid is obtained. 

Ceryl alcohol behaves with concentrated sulphuric acid like cetyl 
alcohol. 

Cert^l acetate melts at 65° C. 

Ceryl henzoale melts at 53-5° 0. and Kuhn). 


IsocERYL Alcohol, C„II^O 

This alcohol is stated to have been found in the wax of Ficusyummi- 
find an<l to melt at 62° C.; its acetate melts at 57° C. 

An alcohol,“ stated to have the formula 027115^0 f- 6 H 2 O, was isolated 
fi-om wool fat by Jhnnsfaedter ami Lifschiilz. The e.\ist<‘.ncc of this 
alcohol must be doubted. 


Medssvl Alcohol {Myrk'yl Alcohol), 

Melissyl alcohol occurs in beeswax as palmitate [Brodie), in carnaiiba 
wax both in the free state and as an ester {Storey-Maskelyne,^ PieverUny,^ 
Stilrcke^'), in sugar cane wax'^ and in curcas wax (see Yol. II. Chajn 
XIV.) a.s melissyl melissate. Many oils and fats seem to contain very 
small (|uantitic.s of this alcohol. Thus it has also been found in parsley 
seed oil and in Japan wax; laurel oil contains about 0-125 }>er cent. 

Melissyl alcohol crystallises from ether in small silky needles melting 
at 85° C. or 88 ° 0. {Gasmrd). It is almost insoluble in cold, but dissolves 
readily in hot alcohol; it is sparingly soluble in cold petroleum ether, 
common ether, and chloroform; in the hot it dissolves much more readily 
in these solvents. By heating with soda-lime the alcoliol is converted 
into melissic acid. According to Schwalh,^ “ myricyl ” alcohol from 
beeswax has the formula C^^Hg^O. Gascard ® states that the “ myricyl ” 
alcohols from beeswax and carnauba wax are identical, and have the 
composition Ogjlig^O. The analytical data obtained by Matthes and 
Bander agree, however, with the formula C 30 Hg 2 O. 

Melissyl acetate melts at 73° 0. {Gascard), 75° C. {Matthes and 
Sander). 

Melissyl benzoate melts at 70° C. {Gascard ; Matthes and Sander). 

* C'l-oss .'Old Hcvaii, Journ. Chun. Soc., 1890, 190. Iterkhle, 29, 2895. 

“ GjiHcaid j^ives tin- fornnila (cp. Journ. Soc. Chem. hut., 1893. 955). 

Journ, Chen. ‘‘Soc. 7 87. ® Lichuj's .hnuil. 183, 344. 

" Ihid. 223, 283. 

Tlie wax obtained by scraping olf tlie sugar cane is almost pure myricyl alcohol, 
Wijnbcig. llet lUetws, etc., Amsterdam, 1909 (1. H. de Bussy). 

8 Lkbtij's Anwil. 23.5, 120. “ Journ. Plutrm. Chern., 1893, 49. 

Arch. <t. Phirm., 1908 (246), 169. 
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PsyLLOSTBARyuo Alcohol, 

This alcohol, first described as having the composition CjjHggO, 
later on judged to be an anhydride of the formula (CggHggOjgO, has 
been recognised as an alcohol having the composition CggHggO. The 
uneven number of carbon atoms vrould, however, suggest that the 
formula CjgHggO requires conhrmation. The alcohol is stated to occur 
combined with psyllostearylic acid (psyllic acid) in the wax of Psylla 
aim (an aphide living oil the leaves of Alnus incana), and also in the wax 
of humble (bumble) bees (Sundwick ; it crystallises in silky scales 
from benzene, petroleum ether, and chloroform. The psylla wax alcohol 
melts at 68°-70“ C., the humble (bumble) bee wax at 6y°-69'5'’ C. 
Nevertheless the two alcohols arc not identical, for Sundwick ^ has 
shown later on that psylla alcohol yields psyllostearylic acid on heating 
with sodadime, whereas humble (bumble) bee wax yields a different 
product. 

Psi/Uoslearyl acetate, C3gIIg,0. CjHgO crystallises in needles. 

Psi/llosteari/l henzoate, CgjHgjO. CjHjO, crystallises from benzene 
or petroleum ether in needles, melting at 68°-G9" C. 

.\n alcohol of the same composition occurs to the extent of about 
30 per cent in the crude sugar cane wax (Wijnberi/). 

Incak.vatyl Alcohol, ^34^70^ 

This alcohol has been isolated ^ from the flowej-s of Trifolium 
incarnatum, L. It crystallises in fine, colourless needles melting at 
72^-74" C., and has been identified with an alcohol isolated by Sundwick ^ 
from the wax of the fnimblc (bumble) bee, and stated to melt at 76° C. 
(It will be seen from the above given notes that the composition and 
melting point of humble bee wax is somewhat doubtful.) 


II. —Alcohols of tuk Allylic Series,® Cnll^nO 

The alcohols belonging to this group, and stated to occur in waxes, 
have not yet been studied thoroughly. 

Lanolin Alcohol, 

This alcohol had been stated by Marchelti ® to occur in wool wax. 
Shortly afterwards Darmstaedter and SAfschutz ^ isolated from wool 
wax two more alcohols, to which the formulse CuH^O 

* Suiulwick, ZcUs.f. physivl. C'Aewi., 1901 (32), 355 ; Zeits.f. physiol. Vhem,^ 1907 
(53), 364. Ibid., 1911 (72), 455. 

^ H. Kogerson, Journ. ('hem. Hoc.., 1910, 1011. 

** Zeits./. physiol. Cfiem., 1898 (26), 58. 

^ Tliu unsaturuttd alcohols occurriug in sperm oil (Lewkowltscli, Joum. Sue. Chan. 
Ind.^ 1892, 134) probably belong to this .series. “ (hizz. chim., 1895, 22. 

’ Journ. Soc.'Vhem. 2nd., 1896, 206. 
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were assigned. Believing to have found lower horaologues of lanolin 
alcohol, they proposed the name “ Lanestols ” for the whole scries. 
More accurate examination undertaken by them in consequence of 
LewkowilscVs researches l proved, however, that the two alcohols, 
CjoH^jO and do not exist. Therefore, the o.xistence of Mar- 

chetti’s alcohol also becomes doubtful. 

An alcohol of the composition CjjHjoO has been found in the ether- 
soluble part of the wax from Ficus gummijlua. An alcohol of the 
formula CjjHjjO is stated to occur, combined with acids, in the wax 
of cochineal. 


III.—ALConor, of the Series 

FifOCEiiYL Alcohol,^ Ci7lJ28*^ 

Ficoceryl alcohol is said to form the alcoholic constituent of gondaug 
wax ; it melts at 198“ C. The uneven number of carbon atoms would 
suggest the de.sirability of confirming the composition of this alcohol 
by a renewed investigation. 


IV.—-Alcohols of the Glycolic Sbeies, CnHj,, 

An alcohol of the composition 

occurs, according to tHurcke^^ in caruauba wax as an ester. It is a 
crystalline powder, melting at 103'5'’-103'8° C.; sparingly soluble in 
boiling petroleum ether, more readily soluble ui ether and in benzene. 

coon . 


On heating with soda-lime, a dibasic acid, Cjslljj 
obtained. 


COOH’ 


CoccEEYL Alcohol, CsqH^A 

Cocceryl alcohol occurs as coccoryl cocceratc in the wax of cochineal 
(Lieberimim). It is a crystalline powder (from alcohol) melting at 
i01“-104“ C. By oxidation with chromic acid in acetic acid solution, 
pentadecyUc acid, CijHjjOj, is obtained. 


V.— Alcohols of the Sebies CuHji.+A 
Glycerol, CaHjOj = CHjfOH). CH(OH) .CHjfOH) 

Glycerol^ occurs in combination with fatty acids in all fatty oils 
and fats; it was discovered by Sckeele ^ when preparing lead plaister 

* Jovm. S<ic. Cfiein. hid,, 1896, IT). 

^ Grc-slioir ami Sack, Rec. d. trav. chiin, Piujs-Bas, 1901, 65. 

Liebig's Annal. 223, 283. 

^ Olycei'oUieiiotes hero the chemical iiKlividiwl CsIIjO^, whereoB the technically pre* 
pared chemically pure glyeeriu represents only tlio nearest ajiproncli to glycerol. All 
technical prepHratloiis are best tenned “y/yrerm,” a.s is the case in commerce. 

® VreU’s difni. Annal. 1783, 99. 
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from olive oil, and was termed by Mm “ principium dulce.” It is 
found in the free state in fermented alcoholic liquors,^ and also in 
blood.^ One hundred parts of sugar produce 3-5 parts of glycerol. 
The synthetical preparation of glycerol has only tlicoretical interest, 
and, therefore, falls outside the scope of this work.® The technical 
production of glycerol will be dealt with exhaustively in Vol. 111. Chap. 
XV. under “ Glycerin Manufacture.” 

Glycerol (purest, “ chemically pure ” glycerin) is a colourless,'* 
odourless, viscid liquid, having a sweet taste. It is optically inactive 
and is neutral to indicators. On exposure to an intense cold for a 
prolonged time, it crystallises in rhombic crystals melting at 20° C. 
With the aid of a few crystals, large quantities of glycerol can easily 
be converted into a crystalline mass at 0° C.** 

Glycerol is oily to the touch, and produces on the skin, especially 
on the mucous membranes, the sensation of heat, due to its absorbing 
moisture from the tissues. The water-absorbing power of glycerol 
is so great, that on exposure to the atnio.sphere as much as 50 per cent 
of its own weight of water is taken up. A formula for calculating the 
hygroscopic power of glycerin has been given by A. Kailaii.^ 

The numbers recorded by .several ob.scrvers for the specific gravity 
of pure glycerin do not agree, owing, no doubt, to the dillicnlty of 
freeing it from the last traces of water, which can only bo removed 
completely by allowing to stand in vacuo over sulphuric acid for some 
prolonged time.’ The most reliable values are the following:— 
i/|(. C. =il-264G8, C. “l-2(i20. 7iai7rt«, ® gives the general formula 
for temperatures between 14-3° and 20-()° G.:—= 1-20143 + (15 -1) x 
0-000632. Further information will be given in Chapter XV., wheic 
also the refractive indices at dillcrcnt temperatures will be found. 

At the ordinary temperature glycerol does not volatilise ; at the 
boiling point of water, however, appreciable (jiuintities escape as 
vapour. Hence, it glycerol be heated in an open dish on a water- 
bath, a slight loss is incurred, such lo.ss depending on the shape of the 
vessel (whether deep or shallow), the area of the surface expo.sed,® and 
the frequency with which the air over its surface is renewed. 

Glycerol boils under 760 mm. pressure at 290° C. (c.p. also table of 
Vapour Tensions, p. 246), with .slight decomposition only. At pressures 
below 12 mm. it distils unchanged. 

The following table contains the most reliable observations of 
boiling points under reduced pressures; ’— 

* The recovery of glycerin from the residues of fenueiited liijuors falls outside the 
scope of this work. 

^ Nicloux, Conij)(. rend., 1903 (136), 764. Cj>. Mouiieyrat, Hull. Hoe. Chim., 1904 
(31), 409. Cj). Levitas, IIoppe-Heyler's Xeils. /, phi/siol. Cliein., 1908 (.07), 47. Reach, 
Jiiockein. Zeits., 1908 (xiv,), 279. 

* Cp. also A. Catilion, Dc la (ilydirine. Paris, 1903. 0. Natid. 

^ Cp. W. Spring, Journ. Vfiem. Hoc. Abstr. i. 119. 

® Cp. Tamntauri, ZeiU.f. angew. (Jhem., 1905, 15. 

** Zeits. f. anal. (Jkem., 1911 (61), 81. 

’ Clausnit/.er, Zeits. f. analyt. (Ihem. 20, 65. 

® Nessler and Ilarth, Jlerichfe, 1884, 17, itef. .543. 

^ Cp. also Kiebardsou, Journ. Ohein. Hoc., 1886, 746. 



in 


GLYCEROL 


245 


PTfiSBIirC. 

Boiling Poiiil. 

mni. 

• C. 

385-33 

. 200-4 

347-10 

. 257-3 

231-87 . ■ . 

. 250-3 

201-23 

. 241-8 

100-81 

. 220-3 

50 00 

. 210-0 

45-61 

. 201-3 

30-00 

. 191-8 

2()-4() 

. 183-3 

20 . . . 

. 182 • 

15 

. 1761 

12-50 

. 179-5 

10-00 

. 167-2 

6-53 . 

. 161-3 

5-00 . 

. 155-5 

0-24 . 

. 118-5 = 

0-056 . 

. 115-110=^ 

Glycerol is miscible with water in 

all proportion.s. On mixing water 

with glycerol a contraction of volume and an increase of temperature 
takes place. The greatest increa.se of temperature—viz. 5“^ C.—is 
observed wlien 58 parts of glycerol (by weight) are mixed with 42 ])arts 
of water ; the greatest contraction equals 1-1 per cent (Gerlach). 

The vapour pressure of a dilute solution of glycerol rises with the 
rise of tomiierature of the boiling .solution, .so tliat considerable amounts 

of glycerol volatilise witli the water 

vapour. Theoretically, a mixture 


of saturated water and j^Iycorol vapours, under the ordinary atmospheric 
pressure, cannot contain more tluin 0*2 to 0-3 per cent of glycerol, pro¬ 
vided that the two vapours are not miscible. Since, however, glycerol 
and water are juiscible in every proportion, the composition of the escap¬ 
ing vapours cannot be calculated according to Dalton’s well-known law, 
but mu.st be derived from actual observations. Gerhch determined, 
with the aid of a vaporimeter, in which the jnessure of the vapour was 
measured by a column of inorciiry, the vapour pressures given in the 
following table :— 


1 Xeits.f. anal, rhnn., 1011 (51). SI. 

- K. Ki.scluT ainl (). Ihirrie.s, Jk'ricliK', 1902, 215S, give It^" C us the boiliug point 
iiudcr 0'2 null, pivssuro (tciniierature of the hath 1<S0" C.). 

^ E. JOrdinami, Jjerich(<\ 1903, 3101. 


[Table 
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Vapour Tensions of Glycerol and of its Aqueous Solutions (Oerlach *) 




Boiling Puint 

V'apour 

Glycerol. 

Water. 

at 700 iriTii. 
Pressuri'. 

Pr<*8sui->' at 
joo- 

Per ctmt. 

I’or coiit. 

"C. 


100 

0 

290 

64 

99 

1 

. 239 

87 

98 

2 

208 

107 

97 

3 

188 

126 

96 

4 

175 

144 

95 

5 

164 

162 

94 

0 

156 

180 

93 

7 

150 

198 

92 

8 

145 

215 

91 

9 

141 

231 

90 

10 

138 

247 

80 

11 

135 

263 

88 

12 

132-5 

279 

87 

13 

130-5 

295 

86 

u 

129 

311 

85 

15 

127-5 

326 

*84 

16 

126 

340 

83 

17 

124-5 

355 

82 

18 

123 

370 

81 

19 

122 

384 

80 

20 

121 

396 

79 

21 

120 

408 

78 

22 

110 

419 

77 

23 

118-2 

430 

76 

24 

117-4 

440 

75 

25 

116-7 

4.50 

71 

26 

ii« 

460 

73 

27 

115-4 

470 

72 

28 

114-8 

480 

71 

29 

114 2 

489 

70 

30 

113-6 

496 

65 

35 

111 3 

553 

()0 

40 

109 

565 

55 

4!) 

107-5 

593 

50 

50 

KK) 

618 

45 

55 

105 

639 

40 

60 

104 

657 

35 

65 

103-4 

675 

30 

70 

102-8 

690 

25 

75 

102-3 

701 

20 

80 

101-8 

717 

10 

00 

100-9 

740 

0 

100 

100 

760 


From the foregoing numbers an approximate estimate can be 
derived as to the losses that may be incurred on evaporating dilute 
solutions of glycerol. 

Experiments showed that up to a concentration of about 50 per cent, 
no glycerol escapes with the water vapours, even if the dilute solutions 
be kept boiling for some prolonged time. At a concentration of about 70 
per cent, traces of glycerol escape from the boiling solution (cp. Ilehner^). 

* This table is reproduced as part of a table given in tlie 2nd edition of tins work, 
1898, p. 800. * Analyst, 1887, 65.' 
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The boiling point of such a solution is (see table). Above this 

concentration, notable amounts of glycerol escape, so that the quanti¬ 
tative determination of glycerol in an aqueous solution by evaporating 
it down on the water-bath leads to faulty results. Even if the con¬ 
centration of glycerol solutions be carried out in vacuo, considerable 
proportions of glycerol e.scape with the water vapours, when the con¬ 
centration of the solution exceeds 80 per cent {Tjewkowilsch). 

Tables giving the specific gravities of dilute solutions will be found 
in Vol III. Chapter XV. under “ Glycerin Manufacture.” 

For the coefiicients of expansion of glycerol cp. Vol. III. “ Glycerin 
Manufacture.” 

On electrolysing glycerol on platinum anodes Renard^ and M'Coy ^ 
found that glycerol is decomposed into carbonmonoxide, carbondioxide, 
acetic acid, glycoraldehydo (glycerosc) and an acid, probably glyceric 
acid. W. Loeh,^ on electrolysing glycerol in a 5 per cent sulphuric acid 
solution on lead anodes found that formaldehyde is formed in consider¬ 
able quantity. There was also formed a syrupy mass free from glycol- 
aldehyde, glyceraldehyde, dioxyacctone, and hexose, but containing a 
pentose, very probably i-arabinose, and, as insoluble acids, tartronic 
and trioxyglutaric acids. The only volatile acid found was formic 
acid, most probably originating from formaldeh} de. 

By the action of ultra-violet rays on neutral glycerol at 25° C. in 
the presence of air, glyceraldehyde (glycerose) is formed. If the glycerin 
be rendered alkaline, jS-acrosc is obtained.^ 

The ordinary products of fermentation of glycerol are:—butyric, 
lactic, and succinic acids, glycerose, and dioxyacctone, none of which 
yield acrolein. E. Voisencif* liowever, has found a facultative aerobic 
bacillus producing the “ bitterness ” of wine, which gives rise to the 
formation of aldehyde. (Cp. also footnote 3, p. 251.) 

Glycerol is miscible with alcohol in all proportioijs; it di-ssolves 
easily in a mixture of alcohol and ether, but is S])ariiigly soluble in 
ether alone, one part of glycerin, specific gravity 1-23, recpiiring about 
500 parts of etlier. It is therofore impossible to extract glycerol from 
its aqueous solution by means of ether. Glycerol is soluble in acetone. 
(For the quantitative determination of glycerol by means of acetone 
see Chap. VI.). Nine parts of glycerol are soluble in 100 parts of 
cthylacotatc. Glycerol is insoluble in chloroform, petroleum ether, 
carbon bisulphide, and benzene; it is also insoluble in oils and fats 
{Lewkowitsch). 

On heating glycerol slowly in a platinum dish to 150°-160° C., it 
evaporates without leaving a residue; at 150° C. it will burn witli 
a bluish, non-luminous flame without emitting odour.® If, however, 
glycerol is heated rapidly in a platinum dish, it burns with formation 

1 Compt. rend., 1876 (81), 188 ; 1876 (82), 562. 

Aincr. Chem-. Journ., 1893 (15), 656. 

^ Xcits. f. Eleklrochfin., 1910^(16), 1. 

■* il. Bifrry, V. Henri, and A. Ranc, Compt. rend., 1911 (152), 535 ; 1912 (154), 
1261. 

® Compt. rend., 1911 (153), 363. 

“ On thLi property reiite the constnictioa of Sehcring's “glycerin lamp.” 
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of acrolein, and yields a residue consisting of polyglycerols (cp. Vol. III. 
“ Glycerin Manufacture ”). 

The penetrating smell of acrolein (which is also noticed when 
glycerides are burnt, c.(j. when an oil lamp or a tallow candle lias been 
blown out) serves as the most characteristic reaction lor the detection 
of the smallest quantities of glycerol. For this purpose it is best to 
mix the substance under examination with dehydrating substances, such 
as hydrogen potassium sulphate' or phosphoric acid,^ when acrolein * 
is formed readily. The most delicate reagents for detecting acrolein 
in aqueous solutions are:—an ammoniacal solution of silver nitrate 
(reduction to metallic silver with production of a mirror) and ^chiff’s 
reagent, a solution of rosaniline which has been decolourised by sulphur 
dioxide (restoration of the pink colour). The rosaniline te.st, however, 
is less delicate than the silver test. 

If the quantity of glycerol under examination be very small, some 
uncertainty may arise owing to the evolution of sulphur dioxide, of 
vapours of sulphuric acid, and of empyreumatic substances. Hence 
it is best to isolate the acrolein in the following manner (ilrunliiil): — 
The sub.stance is mixed in a flask with twice its weight of finely powdered 
potassium bisulphate. (Se«dcre».s showed that aluminium sulphate has 
the same accelerating action.) The flask is closed by a piiiforated 
cork fitted with a suitably bent tube, and heated in a sand-b:ith. The 
e.scaping gases are condensed in a test-tube immersed in a freezing 
mixture. In the, presence of glycerol the condensate in the test-tube 
will smell distinctly of acrolein. On adding to the i'ontents of the 
test-tube a few drops of a reagent, prepared by dissolving d grins, of 
silver nitrate in a mixture of 30 grms. of ammonia of the s|)ecific gravity 
0-923 and a solution of 30 grms. of caustic soda in 30 grms. of water, 
a silver mirror will be obtained if .acrolein be |>resent. 

This reagent should not be kept in stock, as the author found that 
a bottle containing this reagent kept in the dark for about one week was 
shattered comjiletely by an explosion. It is vei-y likely that reduction 
of the nitrate to the explosive silver amide or nitride had taken ]ilace. 

In view of the extreme delicacy of the acrolein tests, colour reaction 
recommended by .several authors, appear to be superfluous. The tests 
enumerated below are, therefore, only given for the sake of completeness. 

7/Cwitt ® recommends to prepare a .solution of piperidine in .sodium 
nitro-pru.sside and add to the conden.sate containing acrolein. In a 
dilution of 1 : KX) a gentian-blue colouration is obtained, and in a 
dilution of 1 :1000 a pure blue. The blue colouration i.s still noticeable 
in a dilution of 1 ; 2000. 

The green colouration which a borax bead moistened with a dilute 

' Rpfltenhaclier, Liehig'/i Aniud., 1843 (47), 113. Colour ruaelion, C. Doniges, 
Oompt. rnid., 1909 (14S), 570. ^ Jmrn.f. praki. Chem.., 1909, 322. 

“ Acrolein, h a liqui<l of a most penetrating odour. Its va|)oiirs affect tlie 

eyes, causing a copioii.'f flow of tears. It is readily soluble in water, boils at 42’4'' C., 
and is ea.Hily converted into a re.sinoiis maw on exposure to tlie air. With regard to the 
preparation of acrolein cp. G. Fr. Bergh, Jmmi.f. praki. Chtyn., 1909 (79), 351 ; J. 11, 
Senderens, (Jomjit. rend., 1910 (151), 530 ; A. Wohl and 11. Mylo, JSeriidite, 1912, 2046. 

■* ZeiU. f. anatyt. 1899, 41. 

^ Lewkowitsch, Journ. .Soc. Chevi. Ind., 1912, 311. 


« Jkrichtc, 1899, 3388. 



lit GLYCEROL 249 

glycerol solution gives in the flame test, cannot be considered char¬ 
acteristic, as this IS a general reaction of alcohols. If a glycerol solution 
be added to a cold solution of borax, made pink by addition of phenolph- 
thalein, the colouration disappears. On heating, the pink colour 
reappears, to disappear again on cooling. This reaction cannot be 
used for the detection of small amounts of glycerol, as considerable 
quantities of glycerol are reciuired to discharge the pink’colour of a borax 
solution. The proposal has been made to estimate boric acid by means 
of glycerol (and vice versa), but this method cannot be recommended.^ 
According to Gnn and Bockisch,^ no glyceryl borates, but complex salts 
of metaborates with glycerol (see below, “ Olycerinales ”) are formed. 

Glycerol has powerful solvent properties; it combines in this 
lespect the properties of water and alcohol; many substances are 
more easily di.s.solvcd by it than by either water or alcohol. The 
following table of solubilities will serve to illustrate this :_ 



( 98 jmrts of crystal soda. 


60 .. 

,, borax. 


oO-.'i 

„ pota.ssium arsenate. 


50 

„ sodium arscn.ate. 


60 „ 

„ zinc chloride. 


48-S „ 

„ 1 innic acid. 


40 „ 

„ alum. 


40 „ 

„ zinc iodifle. 


4(1 „ 

„ potas.sium iodide. 


:ir.-2 „ 

„ zinc sulphate. 


.'12 ,. 

„ potassium cyanide. 


30 „ 

., copper suljihate. 


2.A ,. 

„ ferrous sulphate. 


23 ., 

potassium bromide. 


20 ., 

„ lead acetate. 

100 jiarts of fjlyot-rol dissolve 

20 .. 

„ ammonium carbonat<“. 

at 1.5“ C. 

20 

„ arsenious acid. 


20 ., 

,, arsenic acid. 


20 „ 

ammonium chloride. 


16 .. 

„ oxalic acid. 


11 „ 

.. boric acid. 


10 .. 

„ barium chloride. 


10 „ 

„ copper acetate. 


10 „ 

„ benzoic acid. 


8 „ 

sodium bicarbonate. 


7'5 „ 

„ mercury bichloride. 


6 „ 

calcium sulphide. 


3-7 „ 

„ potas.«ium chloride. 

1 

3-5 

„ jKitassium chlorate. 

1 

l-o „ 

„ iodine. 


about 1 part of calcium sulphate. 

j 

. „ 0-1 

„ „ sulphur. 


„ 0-25 

„ ,, phosphorus. 

* €p. A. Jieytliieii ami 11. Heuiiiol, Zeifs. j 

c. Uider/t. 

(/. Nahvgs-, u. OVjiw.swh., 1899, 

842 ; Griinltiit, Zeils. f. arndyt. 18519. ‘19 ; Humli'sliageu, ZeUs.f. ange-w. (Jhem.., 

1901, 73 ; N. Tunannjew ami 1). Zm-kertnajui, Journ. 

Ph-ys. Chem, .Sec., 1909 

(41), 1469. 

Ikrichte, 1908, 3469. 
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An aqueous solution, of specific gravity M14, dissolves 0-957 per 
cent of calcium sulphate. Metallic soaps (which are insoluble in water) 
are to some extent dissolved : thus— 

/0*71 parts of iron olcato. 

100 parts of glycerol, ep. gr. 1'114, dissolve -|0-94 „ „ magnesium olcato. 

11*18 „ „ calcium oloate. 

On adding potas.sium permanganate to a solution of glycerol acidu¬ 
lated with sulphuric acid, decolouration takes place very slowly. 
Even on boiling, tlie glycerol is oxidised with difficulty. Lenz * showed 
that on boiling an acidulated solution of glycerol with an excess of a 
1 per cent solution of potassium permanganate, no more than 34 per 
cent of the theoretical amount required for complete oxidation is 
reduced. Only by a large excess of concentrated permanganate 
solution can glycerol be oxidised to carbonic acid. Campani and 
Bizzani ^ state that on oxidising glycerol with potassium permanganate 
in alkaline solution, the following products are obtained: carbonic, 
formic, acetic, propionic, and oxalic acids, and small quantities of 
tartronic acid. If, however, the oxidation in alkaline solution be 
carried out according to the directions given by Benedikt and Zsigmondy 
(see “ Quantitative Estimation of Glycerol,” Chap. VI.), glycerol is 
completely converted into oxalic and carbonic acids according to the 
following equation :— 

C,H,0,-|-2K,.Mnj0,--K,,('j(l4+KjC0j-|-4Mn0j-t.4IQ0. 

Complete oxidation to carbon dioxide and water also takes place when 
glycerol is oxidised with potassium bichromate and sulphuric acid. 
This is expressed by the following equation :— 

3CaH,03+7C'riO,K,+28SO,Hj^7[Cr.4(SO,),.| SO,Kj]+9COj |-40HjO 
or in a simpler form thus— 

2C3H,03 -I- 70,-= 6CO,+8II jO. 

Dry potassium permanganate reacts violently with concentrated 
glycerol. If finely powdered potassium permanganate be heaped up to 
form a small truncated cone, and concentrated glycerin be poured into 
a hole made on the top, fumes escape; after a very short time the 
glycerin commences to froth, and ignites spontaneously with violent 
evolution of gases.® 

Hydrogen peroxide oxidises glycerol to formic acid, glyceric and 
glycolic acids being formed as intermediate products. Thus the final 
product of oxidation of one molecule of glycerin consists of one molecule 
of carbondioxide, two molecules of water, and two molecules of formic 
acid.^ 

By gentle oxidation with nitric acid glycerol yields glyceric and 
oxalic acids together with formic, glycolic, glycoloxylic, and racemic 
acids. The glyceric acid so obtained is a racemic compound which 

r Jhurn, &t)c. Chfm. fnd., 188.7, .308. ® Oazz, chivi. itnL, 1884 (12), i. 

^ Dvonilt, Chan. Xeii., 1902, 903 ; cp. also Namias, ihid., 1900, 04. 

* J. EITront, B^dL Boc. Chim. de Brmice, 1912 (11), 744. 
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glyceric acids 

A strong aqueous solution of glycerol reduces Fehling's solution 
only slightly. On boiling the solution for ten minutes, and allowing 
It to stand for twenty-four to forty-eiglit hours, a red. or a yellow pre¬ 
cipitate 13 obtained. If, however, the glycerol be diluted with ten 
times its bulk of water no reduction occurs. 

A mixture of glycerol and .silver nitrate solution heated at the 
temperature of boiling water, with a few drops of ammonia, gives a 
precipitate of metallic silver. If ammonia solution be added to glycerol 
in the cold, and heat be then applied, as a rule no reduction takes place 
on adding silver nitrate, simply because the glycerol has not been 
heated sufhciently; the addition of cau.stic soda or potash, however, 
causes metallic silver to separate slowly. According to Bullnkeimer ^ 
1 part of metallic silver corresponds to 11-3 parts of glycerol. 

On heating glycerol with solid caustic soda, acrylic acid is formed 
(Redlenbaeher), and finally formic and acetic adds {Dumas and film), as 
also fermentation ” ^ lactic acid. If an excess of caustic alkalis be 
used, formic and oxalic acids arc obtained. According to J. U. Nef, 
glycerol, heated with one molecule of sodium hydroxide, yields propylene 
glycol, and treated with sodium hydroxide and mercuric oxide it 
yields glyceric acid On healing witli small (piantities of caustic potash 
—0*5 per cent^glycerol is condensed to polyglycerols {Claessen*). 


Metallic Ghjeeroxides—Ghjeerates 

Glycerol dissolves caustic alkalis, alkaline earths {Chevrenl), and 
lead oxide to form ciiemical compounds. Lime, strontia, and baryta 
are precipitated nearly completely from such solutions by carbon 
dioxide, a small quantity only of the earths escaping precipitation. 
In jnesence of caustic alkalis, glycerol also dissolves ferric oxiile,® 
cupric oxide, and bismuth oxide, no doubt owing to the formation of 
soluble compounds {melalllc (jhjeeroxides) such as are represented by 
monosodium-cupro-glyceroxide (see below). The above oxides are 
not reduced to metal, or at most only to the lower oxides. However, 
the following oxides : silver o.xide {cp. above), gold oxide, mei’cury 
oxide, rhodium oxide, palladium oxide, and platinum oxide (AggO, 

^ licnchU, 1883, ^720. 

“ Forschaujstkirif.hte ilher Lchfimmiltcl, etc., 4, pp. 12, 31. 

® Oil allowing glycerol to feniumt by nu-aiis of iiticillus hnti/licus in presence of 
calcium carbonate ami nutritive salts K. Huclincr ami Meiseiiheimcr {/lerMife, 1908, 
1410) obtained normal butylic alcoliol, ethyl alcohol, and (ns hy-pro<lucts) normal butyric 
acid, acetic acid, formic acid, lactic acid, carbon dioxide, and liydrogeu. With regard to 
the formation of glycerol by fermentation cp. W. Seifert ami R. Reisch, Zenlnilbt. /. 
liaktcrii>lo(/k, 1904 (ii), 12, h?!. Reisch, Zenlralhl. /. liaktcr., 1907 (ii), 18, 396 (ep. 
also above, p. 247). 

German patent 198,768. 

® Cj). Puls,/ojfni. /, }rrakt. Chem., 1877 (15), 83; Peniges, chm. analyt.^ 
1898, 229. With reganl to colloidal compounds of ferric hydrate, glycerol, and caustic 
potash, cp. Grimanx, linll Soc. Chim. 42, 207; Cmxpt. rend., 1884 (98), 1434 ; 
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AiigOg, HgO, RhOg, PdO, PtOg), are reduced to metals when heated 
with alkaline glycerol solution (Bullnheimer ^). 

Fj'cahly precipitated cero-hydroxide is very easily soluble in glycerol; 
this solution is readily dissociated by addition of water. Tbc solution 
becomes turbid very gradually, and finally the hydroxide is precipitated 
in a gelatinous form {A. Milller^). Turbidity of the perfectly clear 
solution sets in the more rapidly, the more dilute the original solution 
was. 

The following glyceroxidos have been prepared in a pure state :— 

Motiosodiiim ghjeeroxhh, NaCgH^Og, obtained by mixing a solution 
of metallic sodium in absolute alcohol {i.e. sodium ethoxide) with 
glycerol. A precipitate is formed consisting of extremely deliquescent, 
rhombic crystals having the formula NaC 3 H 703 + CgHgO. On heating 
to lOO*^ C., the molecule of alcohol escapes, leaving behind the mono¬ 
sodium glyceroxide as a white, highly hygroscopic powder, which is 
converted by water into glycerol and caustic soda. If, in tlie prepara¬ 
tion of monosodium glyceroxide, sodium metlioxide be used, the 
crystalline compound has the composition: Na 03 H 7 () 3 -(-CH^O. 
According to J. U. Nef, sodium glyceroxide is an a-derivative, 

CH2(OH).(1H(OH).CIl3.bNa. 

The pi’oduct obtained by the action of metallic sodium on glycei in 
has led to the commercial prej)aration of a solid substance—gazeline 
pralinee ”—for the production of hydrogen for military purposes. A 
portable gas-producer based on this })rincij)lc was itjtroduced in 1879, 
but notwithstanding many improvements by Renard, the process was 
ahandoue<l. In view of the modern processes for producing liydrogen 
this method is only of historical interest. 

Disodium ghjeeroxide, Na 2 C 3 Hp/) 3 , is prepared by triturating the 
crystals of monosodium glyceroxide, under absolute alcohol, witli one 
molecule of soditim ethoxide, and boiling tlic mixtui’c for several hours. 

With regard to the trisodiiun compound cp. Chap. IT. p. 103. 

The potassium derivatives (dosely simulate the sodium com[)oiinds. 

Calcium glgceroxide, 00311 ^ 03 , is a crystalline powder obtained 
by heating 11 ])arts of calcium oxide with 23 parts of anhydrous glycerol 
to KX)'^ C., and cooling the mixture as .soon as a violent reaction sets in. 
Water dccompose.s it into calcium oxide and glycerol {Dcsirem ^). 

Barium glgceroxide, BaC 3 Hg() 3 , is a deliquescent powder. It is 
prepared by warming 67-1 parts of anhydrous glycerol with 1(X) parts 
of baryta to 70^ C. Hot water decomposes it rapidly into glycerol 
and baryta ; cold water acts but slowly on it [Destrem ®). 

^ Firrsclnnojsbei-. ubn Lchenfiviittel, etc. 4, pp. 12, 31 ; cp. .al.so A. Miiller, XcUs. /. 
andrtj. Chfm., 190.5 (43), 321. 

* Xeils./. o.nartjnn. Cke.uiic, 1905 (43), 310. liiltz {Nitchrichtcyi d. Kihiigl. (Jen. d. 
M’isnensek., GOUiitiien, 1900, Hcl't 2, i». 1) sliowcil liy oliscrving this plieiioiii«non iimlcr 
tlie iiltra-niicroscopft, that thr st'p.anition of th« liydroxiilc takc.s jilace in a cojititiuouH 
manner ; at lir^t very few single particles are noticeiible ; they then iJicrease soniewliut 
rapidly, and finally a colloidal precipitate is formed (cp. Vol. Ilf. Cli.i]) XV. “Hoap 
Mannfaclnre”). 

^ yfnn. de (.'him. el de /^hys. [5], 27. 20 ; cp. hIho Griiti and nuNmaiin, Jicrickte, 
1910, 1291, and J. fliismann, Inoiig. Dissert., Zurich, 1909, who consider these com- 
jmunds as glycerinatcs and tlierefore aacrilie to them formula) exenjpliiicd by 
C3ff5(OH)3l3a(OH)2. 
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Monoplumbo-glyceroxide, PbCjHgOa, is prepared by adding 600 
gyms, of lead hydroxide (obtained by pouring a warm solution of lead 
nitrate into a largo exces.s of warm ammonia and drying the precipitate 
on the water-bath) to 1000 grms. of boiling glycerin ( 8.5 per cent) with 
constant stirring. The mass is then cooled to 0° C., and 2,500 c.c. of 
alcohol are added at 0 C.^ The monoplumbo-glyceroxido thus prejiared 
contains nitric acid, and has probably the composition 2 PI).C 3 Hg 03 , 
PbiNOjij f (OH)Pb(N 03 ). ^ product free from nitric acid is obtained 
by Mormoski’s “ method as followsDissolve 22 grms. of lead acetate 
in 250 c.c. of water, add 20 grms, of glycerin, heat, and pour into 
the boiling solution a concentrated solution of 15 grms. of potas.sium 
hydrate. A slight precipitate is filtered off, and the filtrate is allowed 
to crystalli,se ; in the course of a couple of days a large (jiiantity of fine 
white needles, monoplumbo-glycoroxidc, separate out. 

If basic lead acetate be used instead of sugar of lead, basic plunilio- 
giyceroxidcs, of the composition PbgiCgHjOjlj and IPbCyijOg.PbO, 
arc obtained. 

Disodium-maiigaHO-gli/ca-oxiiJe, Nu^lCjIlji^i^Mn, is prepared by 
boiling anhydrous glycerol with a mixture of M parts of caustic soda 
solution, specific gravity 1-38, and 4 jiarts of freshly jirecipitated 
hydrated manganese peroxide. 

Moiiosodium-cppro-glyceroxide^ is prepared by heating 5 gnus, of 
cupric hydrate, CuiOH)^, 10 c.c, of water, 2-5-3 grms. of glycerol, and 3 
grms. of solid caustic soda in a flask until the caiustic soda is dissolved, 
then adding 60 c.c. of 96 per cent alcohol, filtering off, and again adding 
alcohol until a distinct turbidity is noticed. Fine blue needles, having 
the composition (NaCuCjHjOjjj-f CjHjOH-tOHoO, separate after six 
to ton hours’ standing. On drying the crystals in, vacuo at IDO” C., 
the alcohol and 3 molecules of water are given off, leaving behind 
(NaCiiC'gHjOjij-tOHjO. If cojiper nitrate be employed, hexagonal 
plates of the composition (NaCuC 3 ll 5 () 3 ) 2 -l- 3 Il 20 are obtained ; these 
crystals are only formed in presence of a certain (piantily of sodium 
nitrate.'* 

Moimlilhium-cujiro-gli/eeroxide,^ LiCuCjIIjOj-i-OIIjO, forms blue 
hexagonal plates. 


Metallic Gli/ceriiintes 

The great solubility in glycerol of zinc sulphate, also of nickel, 
cobalt, and copper sulphates, is explained by the tact that these salts 
combine with 3 molecules of glycerol to form complex compounds of 
the general formula (M. 30311303 ) 804 . 11 . 20 . For these compounds 
Griiii and Bochisch ® propose the name glycerinates, to distinguish them 

* Fischer aiul 'J'afel, Jicrichk, 1888, 2635. 

Journ. /. prakt. [2], 22, 406. 

liulluhciim'r, Ikrkhte, 1898, 1453 ; 1899, 2347; Bulliihoinier ami Seitz, ibki.y 
1900, 817. 

■* For Iho oxygon-absorbing proportie.s of the potassinm-mpro-componml (which has, 
however, not been isolate*!) ami the oxidation pro<luct8 formed, cp. W. lYaube, Bci ichte, 
1910, 764. 

® Berichte, 1908, 3465 ; op. also Griin and Boedecker, ibid., 1910, 1065. 
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from the metallic glycerides [glyceroxides) described above. The 
glycerinates are precipitated from their aqueous solutions by alcohol 
as amorphous substances. The following glycerinates have been 
isolated in well-crystallised forms [Ca. 3 C 3 H 5 (OH) 3 ]Cl 2 ; Ca(N 03)2 + 
4 ^ 3 ^ 5 ( 011 ) 3 . For the existence of a potassium cupriylycerate, cp. 
S. U. Pickering,^ 


Esters of Glycerol 

The most important esters of glycerol arc those resulting from 
the combination of glycerol with fatty acids. 

It has been showii above (Chap. I.) that the natural oils and fats 
are the tri-acid esters (triglycerides, simple or mixed) of the fatty acids 
enumerated in the first part of this chapter. Tiie tri-acid esters which 
have been obtained hitherto in a pure state— from tri-formin upwards— 
have been described in Chapter I. The natural oils and fats wliich 
in the present state of our knowledge must be regarded as a juixturc 
of a number of simple and mixed triglycerides will be exliaustively 
described in tlie second volume of this work. 

It has also been pointed out that glycerol is able to form mono-acid 
and di-acid esters. These are usually described as monoglyccrides 
and diglycerides, although these terms must be considered incorrect; 
for the term monoglyoeride would more appropriately apply to a 
triglyceride containing one and the same acid radicle, and the term 
diglyceride to a triglyceride containing two different acid radicles. 
The mono- and di-glyceridcs hitherto synthetically prepared have been 
described in Chapter I. It has been stated already that mono- and 
di-glycerides do not occur in nature. 

Glycerol also forms esters with inorganic acids. In the following 
lines are described esters of carbonic, sulphuric, nitihg pliosphorhg 
boric, and arsenious acids, some of wliicli have acquii-ed great imjiortance 
in the arts and in pharmacy. 

A mixed triglyceride containing two acid radicles of fatly acids and 
one of jdiosphoric acid occurs in nature ; it has been described above 
as lecithin (p. 39). 

Carbonic EsteRvS. —Glyceryl esters of carbonic acid are formed by 
heating glycerin with phenylcarbonate or with phosgene.^ 

The tri-ester. 


CHg.O-CH.O-CHg.O CHg.O-CH.O-CHg.O, 



CO CO CO 


is stated to be obtained by dissolving 10 parts of glycerin in 20 parts 


* {/niii and IfuHinaiui, Jle.richte, 1910, 1291. Cp. J. Ilusinann, Jnnwj. Dismi., 
Zurich, 1909 ; cp. also footnote 3, p. 252. Jouni. Chevi. Sdc., 1912, 185. 

^ {^hemiflclie Kahrik, Dr. R. Scheuhle and Dr. A. Ilochstettor, liiiglisli patent 19,924, 
1911, German patent 252,758. 
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of pyridine and 80 parts of acetone, and passing 12 parts of phosgene 
through the solution. 

The ester is obtainable in commerce under the name “ Tricarbin ” 
“ Glycarbin,” and forms a white powder melting at 149° C., insoluble 
in water and alcohol. 


SuLPHUKio Esteks. —Glycerol dissolves easily in concentrated ■ 
sulphuric acid to form esters; theory would predict that all three 
■possible esters are formed. On boiling with steam they are readily 
dissociated into glycerol and sulphuric acid. 

Glycerolnwtmulphurio acid, CHjlO.SOjH). 011(011). CH^fOH), was 
obtained by Pelouze^ by dissolving 1 part of glycerol in 2 parts of 
sulphuric acid. This ester is said to be employed in the leather industry 
for “ swelling ” hides.^ The free acid is very un-stable. The calcium 
salt, Ca[C3H5(0S03)(0H)(0Il) I2, crystallises in needles;^ it is readily 
decomposed by boiling with lime water. The distearo ester CHj. 
(0.S03H)CII(0 .Cj 3H350).CH2(0 .Cj 3H350) and its brucine salt have 
been prepared by Griin and Corelli* 

Glyceroldisulphuric acid, C3H5(0I1)(0. SOgHjj, is formed on treating 
glyceroltrisulphuric acid (see below) with hot water (Claesson ®). The 
disulphuric acid is characterised by its barium-, and potassium salts.® 
Griin ’ stated that on treating glycerol with sulphuric acid the reaction 
does not proceed beyond the formation of glyceroldisulphuric acid, 
C3H5(0H)(0803H)2, even if a considerable excess of concentrated 
sulphuric acid be used. (This is in contradiction to the theoretical 
postulate.) 1). W. van Eldik Thieme ® has, however, been able to show 
that this statement is incorrect, for on dissolving 1 part of glycerol in 
4 parts of 98-3 per cent sulphuric acid he obtained as chief products; 
glyceroldisulphuric and glyceroltrisulphuric acids, whilst a small 
proportion of glycerol monosulpliuric acid could also be identilied. 

GhjceroUrisulphuric acid, CH 2 ( 0 .S 03 H).CH( 0 .S 03 H).CH 2 ( 0 . 
SO 3 H), prepared by the action of ehlorosulphonic acid, S02(0H)C1, on 
glycerol at 0° C. (Claesson% forms hygroscopic crystals. Claesson’s 
statement that the ester is readily hydrolysed by boiling with water, 
is controverted by van Eldik Thietnc,*** who has shown that a solution of 
21-6 grms. of the ester dissolved in 600 c.c. of water required no less 
than eighteen hours’ boiling for complete hydrolysis. 


Phosphomc Estebs, Glycebyu’hosphoeio (Glyoeeophosphowo) 
Acids.—A mixed fatty acid-phosphoric glyceryl-ester has been described 
above as lecithin. The esters have recently acquired considerable 
commercial importance in pharmaceutical practice on account of their 


^ Lubig's Annal. 19, 211. 

German patent 86,334 (Scbmelzer ami Aschmiiun). 

•’ Liebigs Amml. 20, 48. ' Mts. f. avg. them., 1912, 669. 

® Journ. f. prakt. Chem. [2], 20, 6. ,» ■ , v • i, iqaq 

« Grim and Sclmelit, BerickU, 1907, 1780. Custodus Inaiig. Dmert., Zurich, 1909. 

’ Berichle, 1905, 2284. , >, zm 

» l^rocml. K. Akad.v. IFt*)wcA.. Amsterdam, Journ. f. pM Ch^i.y 

1912 (85), 296. -f' 
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being used (in the most varied forms) as nerve stimulants. Their 
relationship to kcithin has undoubtedly contributed to the preparations 
which have come somewliat into vogue.^ 

Glyceroinonophosphoric acid, CH 2 ( 0 H).CII( 0 H).CH 2 . 0 P 0 .( 0 H) 2 , 
first obtained by Pelouze? is prepared by heating 3 parts of a CO per cent 
solution of phosphoric acid with 3*6 parts of glycerol for 6 days at 105® C. 
{Fortes ami Prunier ^). The free acid cannot be obtained by decomposing 
with a mineral acid its potassium or barium salts, as phosplioric acid is 
split off {Adrian and Trillat ^). The artificially prepared glycero- 
phosphoric acid is most likely a racemic compound, inasmuch as the 
glycerophosplioric acid obtained from lecithin was found to be optically 
active (see p. 38). 

On neutralising with standard alkali the acid behaves like a dibasic 
acid to phenolphthalein, and like a monobasic acid to methylorange. 

The calcium salt, Ca[C 3 H 5 { 0 H) 2 ( 0 P 03)]2 + 2 H 20 , crystallises in 
scales ; it is soluble in 15 parts of cold water, nearly insoluble in boiling 
water and alcohol. Boiling with water does not decompose the salt; 
hence the commercial product can be freed from glycerol and from 
phosphoric acid by boiling water.'* The barium salt is readily soluble 
in water; the aipieous solution is readily decomposed on boiling. 

Glycerodiphosphoric acid, P0[0. 03115 ( 011 ) 2 i 20 H, is obtained })y 
prolonged heating of phosphoric acid with glycerol {Adrian and 2'rillat ^). 

On heating with water or alcohol pliosphoric acid and gly(‘ci‘ol- 
monophosphoric acids are formed ; alkali carbonates effect this resolu¬ 
tion in the cold. 

Glycol and glycolhydrine esters of this acid have been prepared 
by Grim and Kade. 

Ghjcerotriphosphoric ester {Carre ®) is formed by heating glycerol with 
the equivalent amount of phosphoric acid in vacuo for 10 to 12 hours 
to 130® C. By adding 1 molecule of glycerol to this ester a loss stable 
di-ester (diglycerotriphosphoric acid) is formed {A. Conlardi'^). This 
statement is, however, contested by Carre.^ 

The salts of glycerophosplioric acids — glycerophosphates® of 
sodium, lithium, calcium, strontium, iron, etc.—are now largely used in 
pharmaceutical practice, especially in France. These not infrequently 
contain gross impurities. 

^ For an artiliciul “kcitliin" cp. Gurniaii patent 193,181) (Ulzor and Batik). 
For tijc velocity of hydrolysis of >^lyceropiios|)lioric aci<ls cp. F. Miilcngfi'ati and G. 
iVigent, Zeits. f. phjsiol. 1911 (73), 68. 

Compt. rend., 1898 (1‘26), 215. Bull. >S<>c. Chim. [3], 13, 96. 

* The mixed salt of ammonia an<l calcium glycero*pliosj)Iiate.s i.Hpiitente<l by Darrnsne 
Freres and L. Dupont in French patent 447,776. “ Bull. .Sur. [3j, 19, 209. 

® (Jimpl. rend., 1903 (137), 1070; 1904 (138), 47; cji. also Imbert and Bclugou, 
Bull. Soc. Chim., 1900 (21), 935. ’ ckiin. ituL, 1912 (42), 270. 

® Compt. rend., 1912 (155), 1520. 

** Cp. French patent 376,564, I’oTileiic Freres; German patent 208,700 ; P. Carre, 
BuU. Sop. Vkim. France, 1909, 109 ; 1912, 169 ; A. Wtilfing, German patent 217,653 ; 
Southall Bros, and Barclay, Ltd., an«l C. S. Koy, English patents 2806 and 2882, 1912 ; 
Southall Bro.s. and Barclay, Lt<l., and E. W. Mann, English patent 2883, 1912; L. C. 
Ree.se, German patent 251,803 ; V. VaoWwi, (lazx. chim. ital., 1912 (42), 57 ; Chem. Fahrik 
ai^ Aktien, vonn., E. Schertng, German patent 242,422, English patent 19,319, 1911 ; 
Rogier and Fiore, Bullet. Sc. PlMrmucoliej., 1913, 7, 72. 
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Glycbeophosphites were prepared by A. Lumihe, L. LumUr^, and 
F. Perrin} 

Boric feTEB.— Glyceryl borate, (C 3 H 50 g)B, obtained by heating 
glycerol with boric anhydride {Sckiff and Beehi^), forms a yellowish, 
very hygroscopic, glass-like mass. It is easily decomposed by water, 
but not by alcohol, even on boiling. 

'“J9oro/orm” is termed a substance obtained by heating glycerol 
and borax, when in the first stage a glass-like, very viscous mass is 
formed to which the formula [(C 3 H 5 ) 4 (H 2 B 03 ) 2 {HNaB 03 ) 2 ( 0 H) 502 ] 2 CH 2 
is ascribed.® 

Nitric Esters.—( 7/ycery? mononitrate, CH2(0H)CH(0H)CH2.0. 
NO 2 , is obtained by mixing glycerol with a 25 per cent nitric acid 
{Hanriot ^). 

Will obtained the monoester as a by-product in the preparation 
of glycerol dinitrate. The mononitrate could be separated into two 
isonierides, one of which, crystallising at 58'^-59° C., is described as 
a-nion'onitrate, yielding on nitration both isomeric dinitrates (see below), 
a^ also trinitrate. For further information see the table given below. 

Glyceryl dinitrate, C 3 H 3 ( 0 N 02 ) 2 ( 0 H), is obtained by running one 
part of glycerol drop by drop into 5 parts of a mixture consisting of 
3 parts of concentrated sulphuric acid and 1 part of nitric acid, 0 parts 
of water being present for every 100 parts of total acids. Simultane¬ 
ously, trinitroglycerin is formed (Will^). Mikolajczeh^ prepares the 
dinitrate by adding 33 parts of nitric acid, specific gravity 1*5, to 10 
parts of glycerin with continuous stirring and cooling. Will considers 
it preferable to add the glycerin to the nitric acid. Dinitroglyccrin dis¬ 
solves in all proportions in dilute sulphuric acid and nitric acid ; it also 
dissolves in ether, alcohol, chloroform, acetone, and a little less readily in 
benzene than does trinitroglycerin. It isinsoluble in carbon tetrachloride 
and in petroleum spirit. In its anhydi’ous state it gelatinises nitro¬ 
cellulose very readily. Dinitroglycerin is more soluble in water than 
is trinitroglyceriu ; a saturated solution at 15° C. contains 8 per cent 
of dinitrate."^ Glyceryl dinitrate is as poisonous as the trinitrate. 

Glyceryl dinitrate is dissociated by a 70 per cent sulphuric acid to 
mononitrate and glycerol. Will showed that the dinitrate exists in 
two modifications, he having been able to resolve crude dinitroglycerol 
^into a crystalline compound “ Dinitroglycerol .S’,” and an oily compound 
“ Dinitroglycerol F.” (For further details see the table given below.) 

Glyceryl trinitrate, Nitroglycerin, € 3113 ( 0 .N 02 ) 3 , is prepared by 
allowing glycerol to run into a mixture of 1 part of strongest nitric 
acid and 2 parts (by weight) of concentrated sulphuric acid. It is a 
heavy oily liquid of specific gravity 1*600 which volatilises at 160° 0 . 

1 Compt. rend., 1901 (183), 643. 

’ XeiU.f. Chan., 1866, 147, cp. also Coimcler, Jotirn. f. prakt. Chen., (2), 18, 880. 

^ Chen. Zentralbl., 1911 (ii.), 99. 

* Jnn. de Ckim. et de Phps., 1906 [5], 17, 118, 366 ; Compt rend., 1912 (164), 220. 

® German patent 181,385; cp. also Berichte, 1908, 1107, and German patents 
58,957 (Wolil), 205,752 (C. Piitz); English patent 6314, i906 (A. Nobel k Co.). 

° French patent 431,911. 

’ For the recovery of tlie dissolved dinitroglycerin cp. German patent 210,558, 
Costroper Slchorheitssprengstofif-Akt. Ges., Dortmund. 
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under a pressure of 15 mm.* Its most remarkable property is that 
of exploding violently under certain conditions. Nitroglycerin is 
manufactured on an extensive scale, and forms the main outlet for the 
hulk of the glycerin produced commercially (see Vol. III. Chap. XV.). 
It forms the chief ingredient of almo.st all modern “ high explosives ” 
and “ smokeless powders.” Thus “ dynamite ” i.s produced by mi.xing 
nitroglycerin with kieselguhr, whilst “ blasting gelatin ” i.s obtained by 
dissolving nitrocellulose in nitroglycerin. Nitroglycerin is also used in 
therapeutics, small doses being suliicient to dilate the blood-vessels.'* 
Nitroglycerin exists in two modifications: one is labile, melts at 
2-8°-2-9° C., and solidifies at 2'0‘’-2-2° C.; the second occurs in a stable 
form, melting at 13'l°-13-2° C., and solidifying at 12-5“ C. {Kast^). 

Glyceryl trinitrate is hydrolysed by a 70 per cent sulphuric acid 
to glyceryl dinitrate and nitric acid.* 

Having regard to the technical importance of the nitric esters, the 
following table, embodying Wills' results, will be found useful:— 



Mononitrate. 

Diiiltrate. 

Triiiilnitt!. 

Specific gravity (at lo' C.) . 

1-40 

1-47 

1-60 

Melting point 

a.nitrate 68’ C, 
0-nitrate: 54* C. 

o-nitrale: 26' C. 
^•nitrate: liejuid. 

T.abilfl tnrxl.; 2'2’ C.'’ 
Stable iikkI. : 12'2’C. 

Boiling point (at 15 iiiin.*') . 

Both i8omeride.H: 
155.16(1’ C. 

Both isomerides; 
about 14 j' C. 

Driven off at li'di 0.’’ 
without boiling. 

Solubility in water at 15" C. 

70 per cent. 

7'7 piT cent. 

O'lG per cenl. ■ 

ITaminer test (2 kgniis.) . 
Fall in cm. 


Anhydrous: 7-10cm. 
Crystalline: 30 ciii. 

I.exH than 4 cm. 

Ifeat of explosion 


Anhydrous; I2.'')i)ca[. 

KiGO ual. 

Temperature of combustion 

a-uitrate •. 2S12 eal. 

K-anhydrous: 

2088 eal. 
K-crystalline: 

1980 cal. 

F: 2055 cal. 

1570 cal. 

Gelatinising properties 


<?ood. 

Good. 

Absorption of moisture 

60 per cent. 

11 per cent. 

0*2 per cent. 


' Ijobry de Bruyii, d. Iravaux chim. d. Pays-Jias, 14, 133. 

2 .hm.rn. aS'oc. Chctti. Ind., 1910, 387. 

* Zf.iis. /. d. gcs. Schiess.^ u. Sprengdloffwesen, 1906 (i.). 

For thetleoompositioa of trinitroglyceriri by cau.stic akalis cp. Hay, Monitenr sdent., 
1885 (27), 424 ; G. W. MacdouaM, Arnts and KryUmveH, 1908; K. Borl and 
M. Delpy, Berichle, 1910, 142. For the vtdocity of decomposition by lieiit see 
R. Robertson, Jovrn. Ckf.in. .Sor., 1909, 1241. 

® By recrystalUsin;? nitroglycerin repeatedly, S. Nauckhoff [Zeits. f. d. gea. Schifaa.- 
u. Sprengatoffioesen, 1911 (6), 124) obtained only one modification, melting and solidify¬ 
ing at 13'3® 0., whilst the labile motliiication could not be isolated. 

* Cp. also A. L. Hyde, Eighth Ini. Congr. Appl. Chm,., 1912, Sect. HI. b. (4), 69. 
’ According to A. Marshall the vapour pressure is at TO" C. 0‘061 mra. and at 

IS’ C. -O'OOl miu. (calculated), Jmrn, (Jhm. Soc., 1906 (89), 1371. 
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The mixed nitric esters, nitrodimethylester CH 2 (OCH 3 )CH. 
O.NO 2 .CH 2 .O.CH 3 , and nitrodiethylester CHg. OCgHg. CH. 0 . 
NO 2 . dig. 0 . CgHg, have been prepared by Paterno and Benelux 
Glyceryl arseuile, C3H5ASO3, formed by dissolving 1 molecule of 
arsenious oxide in 2 molecules of glycerol and heating to 250° C. 
{Jackson), is a butter-like substance, melting at 50° C. to a thick liquid. 
It decomposes above 250° C., but is volatile with the vapours of glycerol. 
It has not yet been ascertained whether, on distillation in a current 
of superheated steam, the arsenite is volatilised unchanged, or is 
hydrolysed by the steam ; at any rate, arsenious acid is found in the 
distillate.® Glyceryl arsenite is used in calico-printing. 

In view of the importance the chloroliydrins and bromohydrins have 
acquired in the synthesis of mixed gly(^erides, and having regard to the 
considerable number of derivatives containing one or two fatty acid 
radicles, the preparation of the hydrins and their derivatives will be 
given here briefly. 


Chlorokydrins 

a-Monochlorokydriii, CllgCl.011(011).CHgfOH), obtained by heating 
glycerol with hydrochloric a(ad to 100° C. {Berfhelot,^ IJanriot*),^ boils 
under 18 mm. pressure at 139° C.; d° = 1-338. It is miscible, in every 
proportion, with water, alcohol, and ether. 


Esters of a-Monochlorohydrin 

y - Laitro - a - chlorohydrin, 0311 ^( 01 ). (OH). (0. CJ 2 H 23 O), obtained ® 
from a-chlorohydrin and lauryl chloride, is a yellow oil, crystallising at 
- 10 ° C. from petroleum ether in fine needles. 

^-y-Dila\m)-a<'hlorohydrinf C 3 H 5 (Cl)(O. 0 i 2 H 23 O) 2 , is obtained by 
warming a-chloro-glyceroldisulphuric acid with lauric acid to 70° C. 
for 71 hours. It crystallises from an alcohol-ether solution in micro¬ 
scopic needles, melting at 21 ° 0 . 

y-MyristO'a-chlorohydrin, C 3 H 5 (C 1 )( 0 U){ 0 .C| 4 H 270 ),® obtained by 
heating myristyl chloride witli an excess of 20-25 per cent of a-mono- 
chlorohydrin, is a yellowish mobile li(piid, easily soluble in ether, 
petroleum ether, benzene, and somewhat sparingly soluble in cold 
alcohol. 

li-y-Diinyristo-a-chhrohydrin^ C 3 H 5 (C 1)(0 . Cj 4 H 270 ) 2 , is obtained 

* (ta-.z. cMm. ital., 1909 (39), 312 ; cp. also V. Vender, Oerman patent 209,943. 

* Lewkowitsdi, Year-Book qf PtMTimcy, 1890, 380. 

^ Liebi^/’s AnnaL, 1853 (88), Sll. 

■* Jouni. /. prakl, Ohem. 18, 207. 

» Cp. also German patents 197,308, 197,309, 201,230, 229,536, 238,341, 254,709; 
En^lisli patent 26,036, 1911 ; SprengstolTwerke, Dr. R. Nalmsen & Co., French 
patent 437,315 ; United States patent 1,040,323 ; German patent 254,709. 

® Griin and Skopnik, Ikrichte, 1909, 3751. 

’ Griin and Theimer, Berichte, 1907, 1799. 

* A. Griin and B. Sclireyer, Bcrichie, 1912, 3423. 

“ Griin and Tlieimer, Btrifhte, 1907, 1797; 
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either from o-chloro-glyceroldisulphurio acid, by the process described 
under a-chloro-distearin, or by warming a-jS-dimyristin with thionyl- 
chloride on the water-bath, and crystallising the product from petroleum 
ether. The crystals prepared by the former process melt at 27°-29'’ C., 
those obtained by the latter process at 29° C. GViiti and Schreyer^ 
found the melting point 36° C. 

Y-Palmito-a-chlorohydrin, CjHj. (Cl)(OH)(0. CjjHjjO).* 

^-y-Dipalmito-a-chlorohydrin, C 3 H 5 (Cl)(O.Cj 5 HgjO) 2 , melts at 48°- 
50° C. {Griin]’' Corelli*). 

y-Stearo-a-chhrohydrin, CjHj.lCll.lOHXO.CijHjjO), prepared from 
stearyl chloride and a-chlorohydrin, crystallises in white granular- 
crystals (from a cooled mixture of ether and petroleum ether) melting 
at 48°-49° C.; the solidified maris melts at 39°-40° C.-^ 

^-Stearo-a-chlorohydrin,* CjHjlClKO. CjjHjjOKOH) isfound amongst 
the products of hydrolysis, by means of concentrated (98 per cent) 
sulphuric acid, of jS-y-distearo-a-chlorohydrin. 

y-Myrislo- ^-stearo-a-chhrohydri n, Cl) (0. ^is^.-rs^KO. Ci^HjjO) 

{Griin and Sckreyer’’), obtained from y-myristo-a-chloroliydrin and 
stearyl chloride, melts at 31° C. 

y-Slearo-^-myristo-a-chloTohydrin, CgH^fClKO. CjgHjjO) (0. CjgHjjO) 
melts at 26° C. 

P-y-Distearo-a-chlorohydrin,^ CjHjfClKO.CjjHjjOlj, is prepared by 
heating a-chloro-glyceroldisulphuric acid, CjHjfClKSOjHKSOjH), 
with stearic acid previously dissolved in concentrated sulphuric acid, 
to 70° C. for 3 hours. It crystallises from ether in white granules, 
easily soluble in chloroform and ether, sparingly soluble in petroleum 
ether and alcohol. The crystals melt at 56° C., and after solidification, 
at 41° C. The chlorine can only be replaced with difficulty by a hydroxyl 
group; the most suitable method consists in treating the chloro- 
compound with silver nitrite when the nitrite c.ster of the asymmetric 
distearin is formed. This ester is readily converted into )3-diatearin. 
On hydrolysing this chloro-distearin with concentrated sulphuric acid, 
products representing the several stages in the progress of hydrolysis 
could be isolated (see Chap. II. p. 76). 

^-Monochlorohydrin, CHjOH.CHCl.CHjOH, is formed in small 
quantity when preparing o-monochlorohydrin, and is separated there¬ 
from by fractionation in vacuoP 

Esters of ^-Monochlorohydrin 

a-Palmito-^-chlorohydrin, CjHjf0. CjgH^jO). (Cl). (OH) ( Reinhardt). 

a-Stearo-^-chlorohydrin, CjHjfO.CjjHjjOKClKOH) (Reinhardt). 

a-y-HicAloroAydrin, CHjCl.CH.fOfll.CHgCl, obtained from glycerol 
and hydrochloric acid (BertheloP’‘), or from glycerol and sulphur chloride 

* BerirMe, 191‘2, 3422. * Inaug. Dissert., Ziiricli, 1909. 

^ Berichte, 190&, 228. ■* Inaug. Dissert., Ziiricli, 1909. 

® Oriin an<l Skopnik, BericMe, 1909, 37fil. “ Ikrichte, 1907, 1792. 

^ lieriehte, 1912, 3425. “ Griin ami Theimcr, Berickte, 1907, 1793 ; 1800. 

* Hanriot, Ann. de Chim. ct de Phys. [5], 17, 73. 

** Liebig's Annai. 92, 302. 
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(Carius} Claus ^), boils under ordinary pressure at 176°-177° C.; 
<P® = 1-396. By heating dichlorobydrin with inorganic sulphides 
Lilienfeld ^ obtained solid, caoutchouc-like bodies. 

Esters of a-y-Dichlorohydrin 

^-Acelo-a-y-dioldorohydrin, CH^. Cl. CH(0. CjHjO). CHj. Cl, obtained 
by Berthelot and Luca‘S from glycerol and acetylchloride, boils under 
a pressure of 710 mm. at 202°-203° C.; #^=1-283 (Truchott‘). 

^-Lauro-a-y-dichlorohydrin, CIIj. Cl. CH. (0 . CjjH^O). CHj. Cl 
(Grii«®), is a yellow mobile oil, soluble m the usual organic solvents. 

^-Myristo-a-y-dichlorokydrin, CHjCl. CH. (0. ). CHjCl {Oriin 

and Schreyer ’), obtained from myristyl chloride and a-y-dichlorohydrin, 
forms transparent crystals melting at 20° C. 

a-^-Dichlorohydrin, CHjCl. CHCl. CHjOH, obtained by passing 
chlorine gas into allyl alcohol (Tollens^), boils at 182° C.; d“''' = 1-3681. 


Ester of a-p-Dichlorohjdrin 

y-Lauriya-^-dichlorohydrin, C3H5.Cl.Cl.(0.Ci2H230), is prepared 
from a-lauro-y-monochlorohydrin by dige.stin 2 with thionylchloride 
(Griin and Skojmik °). 

a-^-y-Tricklorohydrin, CH^Cl.CHCl.CHjCl, is obtained by saturat¬ 
ing a mixture of 5 volumes of concentrated glycerin and 4 volumes of 
glacial acetic acid with hydrochloric acid gas, distilling to 130° C., 
washing the residue (crude dichlorobydrin) with water and soda, 
drying over calcium chloride, and digesting with phosphorus penta- 
chloride (Fittig and Pfeffer “). 


Bromohydrins 


a-Monohromohydrin, CH2Br.CH(0H).CH20H, is obtained from 
glycerol and phosphorus tribromide {Bertheht and Tyuca). 

a-y-Dibromohydrin, CH 2 Br.CH(OH).CH^Br, is obtained from 
glycerol and phosphorus tribromide (Berthelot and Luca), or from 
glycerin and bromine (Barth 

a-^-Dibromohydrin, CH 2 Br.CHBr.CH 20 H, is obtained from allyl 
alcohol and bromine by allowing 60 grams of bromine to drop within 
three to four hours into a cooled solution of 20 grams of allyl alcohol 
in 100 grams of ethyl alcohol and 100 grama of carbonbisulphide. 

Tribromohydrin, CH 2 Br.CHBr.CH 2 Br, is obtained by digesting 
allyl alcohol with bromine (Tollens '^). 


^ Liebig's AnneU, 122, 73. 

^ English patent 25,246, 1911. 

* Amu lie Chiin. el tie Phys. [3], 62, 459. 
« Berichte, 1910, 1289.. 

® Liebig's Annal. 156, 164. 

Liebig's Annal. 135, 359. 

Ibid. 166, 168. 


2 /5W.168, 43. 

® Liebig's Ann. 138, 297. 
? Berichte, 1912, 3424. 

» Berichte, 1909, 3761. 

“ Ibid. 124, 349. 
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Other esters of glycerol which appear to be acquiring commercial 
importance, especially for pharmaceutical purposes, are : Olycerormno- 
o-chlorophenyksler, CH 2 .( 0 .CgH 4 Cl)CH.( 0 H). CH 2 ( 0 H) ; glyceromono- 
p-chloroplienylester ; ^ ylycerylchlmvxy-isobutyrate ; * glycerodimorphim 
ester ; ® glyceromonocinnamin ; * glyceryllactale ; ^ glycerylsalicylic ester.^ 
For compounds formed from glycerol and amino acids, E. Aider- 
harden and M. Gugenheim? 


Polyglyceroh 

It has been stated above that on heating glycerol rapidly, poly¬ 
glycerols are formed, no doubt, by the combination of several molecules 
of glycerol with loss of water. Polyglycerols are formed on a largo 
scale on distilling glycerin, when the bulk of the polyglycerols remains 
in the still (see Vol. III. Chap. XV. *' Glycerin Manufacture ”). 

Louren<;o * ellected the condensation of glycerol to j)olyglycerols 
by heating glycerol with monochloroliydrin. By fractionating in vacuo 
the product of reaction, diglycerol, Cf,lI| 40 j(--- 2 C 3 Hj 03 -Il 20 ), boiling 
at 220°-230° C. under a pressure of 10 mm., and Iriglgccrol, (,’ 91120^17 
( = 3 C 3 Hj 03 - 2 II 2 O), boiling at 275“-28,5° C. under 10 mm. ])ressure, are 
obtained. 

The amount of polyglycerols formed by heating glycerol to 290°- 
295° C. for seven to eight hours was usually stated to vary from 2.5-45 
per cent of diglycerol and 4-0 per cent of triglycerol. Kecontly Clacssen,^ 
by heating commercial glycerin for five to si.x hours to 290°-295°C. (under 
a rcdu.x condenser, the water vapours being allowed to ])a.s3 away), 
obtained 55-05 per cent of diglycerol which could be distilled off at a 
pressure of 8-10 mm. between 245° and 2.50° C. On adding, however, 
0-5 per cent of caustic alkali and heating to 275°-280° C., there were 
formed, within thirty minute.s, 70 to 80 per cent of diglycerol and 
higher polyglycerols {Claessen'^}. (Cp. also Vol. 111. “Glycerin 
Manufacture.”) 

Diglycerol, like glycerol itself, can be nitrated with a nii.xture of 
nitric and sulphuric acids, when tctranitrodiglycerol, 06 lIioN 40 , 3 , is 
formed. The tetranitroglyccrol remains viscous at very low tem¬ 
peratures ; it is claimed that by adding a small quantity to the ordinary 
nitroglycerin the freezing point of the latter is reduced considerably 
(cp. Vol. III. “ Dynamite Glycerin ”). 

Methods for the (|uautitative determination of gl 3 'cerol will be 
described in Chapter VI. With a view to determining the glycerol in 

' I’oulcnc FriTuH aiul E. Founieau, (Jcrmaii jinteiit 219,325; cp. also F. Ehlotzky, 
MonaUh. f. Cheni., 1909 (30), 663. 

Poulenc Fn'rea, French patent 430,820. 

* Poulenc Frere«, French patent 430,819. ■* Callsen, U.S.A. patent 999,956. 

Kalle, tferiuan patent 216,917. 

^ C. Sorger, English patent 3367, 1907, French jiateiit 373,854. 

’ ZeilA./. physiol. (Jhem., 1910 (Of)), 53. 

Ann. lie (Jhivi. el de I'hys. (3), 67, 299. 

“ Gerinau patent 181,754. German patent 198,768. 
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a direct manner by isolating a derivative of glycerol which would 
permit its (quantitative determination, Niemilowicz ^ studied the action 
of liydrobromic acid on a solution of glycerol in concentrated sulphuric 
acid. There are, however, two products formed i^ribromopropaldehyde 
and tribromopropionic acid. A direct method of determining glycerol 
in substance by extraction with acetone was worked out by Skukoff 
and Sclmtakoff (see Chap. VI.). 

On heating glycerol with the theoretical amount of hydriodic acid 
allyliodide and propylene are formed. In the presence of an excess of 
hydriodic acid, isopropyliodide is obtained with smaller quantities of 
propylene, their (quantities varying according to the conditions of the 
experiment. Zeisel and Fanto ^ published some experiments purporting 
to show that glycerol can be converted into isopropyliodide quantita¬ 
tively, if an excess of strong hydriodic acid, specific gravity 1'7 (or even 
1-9), be used. They cndeavourc-d to base on this tlie quantitative 
determination of pure glycerol, by distilling the isopropyliodide formed 
into an alcoholic solution of silver nitrate. Lewkowitsch ® has shown 
that when applied to concentrated glycerol solutions, the method yields 
results far below the true ones. Several observers who applied this 
method to very dilute solutions attach importance to the method. 
WilMdUtr and state that if hy(i'iodic acid of 1-8 specific 

gravity be employed reliable results are obtained. How far the 
multiplication of unavoidable errors by the enormous factors of 300 to 
COO help to lead to favourable results has not been y(*t investigated 
(cp. Chap. VI. “ Glycerol *’). 

With regard to the manufacture and uses of glycerol sec Vol. III. 
Chap. XVC “ Glycerin Manufacture.*’ 


VT.— AL(;oiroLs OF the Cvc’lic Series 
Steroh ^ 

The members of tliis greup contain an alcoholic OH group, but 
differ chemically from the alcohols of the aliphatic series most essentially 
(for the purposes of fat analysis) in that they arc not converted into 
fatty acids having the same number of carbon atoms by heating with 
potash-lime or soda-lime {Lewkowitsch see Chap. VIII.). 

The sterols seem to play an important, although not yet fully 
understood rdle in tlie internal economy of plants and animals. Chole¬ 
sterol in especial seems to exert an antitoxic function towards the 
hfcmolytic action of poisons, such as saponin. 


* Journ. Che.iii. Soc. Abstr., 1890, 801. 

Zeil. f. d. Uiiulw. Ve^-mebsto. in Oesierr., 1902, 1. 

3 Analyst, 1903, 108. * JierichU, 1912, 2825. 

“ Tills name was proposed by Abderhaldeii, Lekrbuch d. physiol. Cbem., 1909, 154. 
It has been adopted Uere, as it appears to be a very suitable name. « 
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General Reatfion of the Sterols 

The sterols:—cholesterol, phytosterol (sitosterol), stif'inasterol, 
. brassicasterol, and coprosterol can be detected qualitatively by means 
of an alcoholic dif>itonin solution. Thus on adding a few drops of a 
1 per cent alcoholic solution of digitonin,! 0551154028 , to a solution of 
O'OOl grin, of cholesterol in 1 c.c. of 95 per cent alcohol, almost immedi¬ 
ately a precipitate is obtained, which consists of a chemical individual 
formed by the combination of one molecule of digitonin and one molecule 
of cholesterol—no separation of water taking place—thus ; C 27 H 480 -t- 
*^ 55 ^^ 9 -|Oii 8 addition product is insoluble 

in water, acetone, and ether, slightly soluble in cold 95 per cent, more 
readily soluble in boiling absolute alcohol, in methyl alcohol, glacial 
acetic acid, and especially pyridine. On boiling the compound with 
xylene, it is split into its components ; the sterol pas.ses into the xylene, 
the digitonin remaining undissolved. This property of the sterols 
permits their ready separation from hydrocarbons and alijihatic 
alcohols. 

The c.ster.s of the sterols do not form compounds with digitonin; 
it is therefore po.ssible to differentiate qualitatively cliolestcryl, etc. 
esters from cliolesterol, etc., and to separate quantitatively the free 
alcohols from their esters.^ 

In the case of physiological preparations the digitonin method is 
stated to yield good results.^ Jn the case of oils and fata, however, 
the complete .separation of the sterols appears to depend on the nature 
of the uncrystallisable substances accompanying the sterols; if those 
substances are of resinous nature, the separation becomes difficult and 
requires repeated treatment, which can only lead to trustworthy results 
if sufficiently large amounts of “ unsaponifiable matter ” is available 
(Lewkowitsch). 

The subdivision of the Sterols into Zoosterols and Phytosterols 
has been referred to above (p. 4). 


(o) Zoosterols 

(1) Cholesterol, C2,H4„0 

Cholesterol, discovered by Cmtradi (1775) and by Greii (1788) in 
biliary calculi, occurs in considerable quantities in wool fat. It is 
fre(iucntly met with in the animal organism; the biliary calculi are 
almost wholly composed of chole-sterol. Its presence has been further 
proved in human bile,'' in blood, in the brain, in hair, in the epidermis, 

^ For llic })reparatiou of di^ptoniu Kce Tli. Panzer, Cheni. Zfutralhl., 1912 (ii.), 540. 

WitulauH, Herichte. 1909, 238; ZeiU. /. physid. C'Arw., 1910(06), 110. 

^ Cp. A. Lajiworth, Jimm. Path. liact., 1911 (15), 264. 

* A certain amount of choleAterol \n dtAclmrgeil together with the bile into the 
hiteKtineH, and in there attacked by Chu bacteria occurring in the iiite.stines, whereby 
amongftt other producta coproAterol (p. 279) is formed. 
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in milk, in variouk morbid products of the animal body, and in the yolk 
of eggs.' 

All animal oils and fats contain small quantities of cholesterol, 
hence the presence of cholesterol in an oil or fat points to its animal origin. 
Its presence has been proved not only in the mammiferse and birds, 
but also in reptiles, fishes (see “ Fish, Liver, and Blubber Oils,” Vol. 11 . 
Chap. XIV.), molluscs, ciustaceae, insects (see “ Chrysalis Oil,” Vol. II. 
Chap. XV.), worms, and coolenterata. The echinodermata^ and sponges 
contain a body similar in type to cholesterol. The quantity of chole¬ 
sterol in animal oils and fats varies from 0'2 to about LO per cent. 

The chemical formula of cholesterol was for a considerable time in 
dispute. Reinitzer^ considered that three homologous cholesterols, 
C25II42O, C28II44O, and C2,H4gO, e.vist. Cholesterol prepared from 
biliary calculi has the composition C2,H440. Mauthutr and Suida 
favoured the formula C27H44O, but Wimiaus, a.s also Diels and Aider- 
halden, demonstrated that the formula C27H44O is the correct one for 
cholesterol.* According to the late-st researches of Windausf the 
following extended formula would so far explain best the constitution 
of cholesterol:— 

(CIl3).,CH. CII2. C H, C, 7 H 24 - CH = CHj 

/ 

CHj.CIIlOHl.CHj 

C. Doree and J. A. Gardner^ confirm Witulaus’ conclusion, that 
one double bond in cholesterol is contained in a terminal vinyl group. 
From the fact that cholesterol absorbs two molecules of ozone it would 
follow that chole.sterol contains two double bonds (see p. 146 ). 

Windaus and Steinf as also Mauthner,^ anive at the conclusion 
that cholesterol is a complicated terpcne compound. This has been 
confirmed by Schrotter and Weilzcnhiich^ who obtained from cholesterol 
rhizocholic acidf^ 03Hg07, the same acid which is furnished (although 
in very small quantities only) by camphor and by oil of turpentine. 

Cholesterol crystallises from chloroform in anhydrous needles 
(cp. Chap. IX.), melting at 1484 °- 1 I 50 ' 8 ° C. corr. (Bonier). Polenske 
found for 284 cholesterols, isolated from 264 different specimens of 
lards, the following (corrected) melting points :— 

^ Cji. A. Wimiaus, Arch. d. Phartn.. 1908, 117. C. llorce ami J. A. Gardner, 
Jourti. Okem. .Soa,, 1908, 62,') ; L. Waeker, Jti'i/s. f. phychA. Chtm., 1912 (80). 383. 

Cp. A. VVclscli, Imuy. Dissert., Offciibncli a/M., 1909 ; Doriie, Bioehesii. Joum., 
1909 (1), 72. 

» Jonm. Soc. diem. Did., 1888, 586. Cp. Jiihrbuch d. Che.in., 1896, yi. 360. 

* Meimzzi, who ahoweil that milk- and egg-yolk cholesterol is identical with bile 
cholesterol, still retains the formula C.J 0 H 43 OH. H^O (cji. Bonibicesterol). L. Tschugajeif 
and A. Gasteff furnished some further proof {Ikrichte. 1909, 4634) for the coniposltiou 
C„H4,0. ” BcMf, 1908, 2568 ; 1909, 3770. 

** Proc. Clwn. Soc., 1908, 173 ; Trans. Chein. Soc., 1908, 1328. 

1 Inany. Dissert., 1905, Freiburg i/13. “ iDnmtsh.f. Chm., 1907, 1113. 

“ Ibid.', 1908, 395. 

This is the'second instance of the occurrence of a derivative of terpenes from 
products formed in the aiiiniul organism, the first being the ocenrrenee of muscone in 
musk (Walbauin, Jonm./. prakt. Chain. 73, 488). 
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No. of Samplo-s. 

2 . 




Melting Point. 
•0. 

. 145 

15 . 




. 14G-140-5 

30 . 




. 140-5-147 

185 . 




. 147-148 

15 . 




. 148 

. 




. 148-5 


From its hot alcoholic ^ solution cholesterol crystallises in lamimc, which 
are discerned under the microscope as very thin plates, frequently 
showing re-entering angles. These plates appear to he rhombic, but 
are mo.st likely triclinic (Bomer). Illustrations of these crystals will 
be found in Chap. IX. The crystals contain one molecule of water, 
which evaporates on prolonged standing over sulphuric acid, and 
more quickly, at a temperature of 100° C. 

Cholesterol is insoluble in water,^ and very sparingly soluble in 
cold dilute alcohol. It dissolves in 9 parts of boiling alcohol of specific 
gravity 0-87, and in 5-05 parts of boiling alcohol of specific gravity 0-8.3. 
10 e.c. of absolute alcohol dissolve 0-1916 gr. (Poleitske). Ether, 
carbon bisulphide, and chloroform di.ssolve it easily, acetone and 
petroleum ether le.ss readily. According to Bomer^ KX) c.<-. of petroleum 
ether, of specific gravity 0-7522, boiling from 35° to 85° C., di.ssolve at 
19° C. 0-8320 grm., and at 23° C. 1-0380 grms. A(-cording to I'olenske, 
10 c.c. of petroleum ether boiling below 50° C. dissolve 0-086 to 0-095 
grm. Cholesterol dissolves sparingly in cold glacial acetic acid, more 
easily in the hot, whilst it is slowly converted into cholestcryl acetate. 

Cholesterol is Itevo-rotatoi-y. Hesse gives [aJI;'’-31-12° [c-~2 
tor ether] [a],,^-(.36-61°-t0-2-19c) [c = 8 for chloroform]. Menozzi 
found [a]],^= - 34-.3° (and-35-8°) in chloroform solution. For acetic 
ester solution Diels and Linn found [a]';,"= -25-6°. 

On heating cholesterol for one hour at 300° C., a product e.vhibiting 
strong dextro-rotation is obtained ; if the cholesterol be heated to 
300° C. only, no sensible decrease of the original la?vo-rotation is observed 
{Enyler *). 

If cholesterol be heated carefully under ordinary pressure, it 
volatilises without undergoing decomposition ; in vacuo it can be 
readily distilled unchanged. Diels and Linn ob,served that on heating 
cholesterol to 300°-320° C. strong evolution of hydrogen occurs. This 
reaction only takes place in the pre.sence of a catalyst, su<-h as a small 
quantity of iron (or zinc) which clings tenaciously to cholesterol pre¬ 
pared from the yolk of eggs. Perfectly pure cholesterol does not show 
this behaviour. On subjecting cholesterol to destructive distillation * 
optically active substances (hydrocarbons?) are formed (cp. Vol. III. 
Chap. XV.). 

Emjler* observed that on repeatedly distilling cholesterol under 

* For colloidal solutions of cholesterol see J. K. Partington, Johth. Chtni. 1911, 
316; 0. Forges and Neubaiier, Hiodiem. Zeits., 1908 (7), 152. 

^ Forges and Neubauer (/Oochem. Zeit.i. 7, 152) were able to prepare a colloidal 
solution of cholesterol. ^ Zeits./. Unters. d. Nahryn- u. tre/ins/<in., 1898, 37. 

* Zeils.f. anyao. (Jhem., 1908, 1594. 

» Ikrichte, 1908, 200. 


Heiut/, Liebig’s Annal. 76, 360. 
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pressure the dextro-rotation decreases, finally to disappear entirely. 
The same change takes place'on heating cholesterol without subjecting 
it to distillation. A product obtained by distilling, three times succes¬ 
sively, 20 grams of cholesterol, and having a dextro-rotation of 112 ° in 
a 200 mm. tube of a saccharimeter, yielded on fractional distillation 
in Docuo 9 distillates having the following propertie.s :— 


Fraction. 

nulling Point under 

15 mm. pretisure. 

Sacoliarimotcr “ domes' 
in a tube. 

Ai»pearaiic<-. 

1 

-c. 

100-193 

-1-2 

Thin liquid ; palo yellow 

2 

193-230 

-1-57-6 

'J'hin li<|ui(i ; pale yellow 

3 

230-245 

-l-88'O 

Thicker; yellow 

4 

245-250 

•H04-0 

Thicker; dark yellow 

6 

250-258 

-HOS'O 

Viscous; pale brown 

6 

2.58-270 

-bUS’O 

Viscous; pale brown 

7 

270-275 

-f-128-0 

Viscous; Drown 

8 

275-280 

-H44 0 

Viscous; brown 

9 

280-288 

-H64-0 

Viscous; dark brown 


It should be pointed out that the distillate exhibiting the highest 
dextro-rotation still contained about 2 per cent of oxygen, whereas 
l)ure cholesterol contains 4-2 per cent of oxygen. The chemical com¬ 
position of the distillates is unknown; they certainly do not consist 
exclusively of hydrocarbons. According to Steinkopf,^ even those 
fractions wliich are obtained by fractional distillation of cholesterol 
under ordinary pressure and exhibit the strongest dextro-rotation, still 
contain nndecomposed cholesterol, as ascertained by the digitoniu 
reaction. 

On adding bromine to a solution of cholesterol in carbon bisulphide, 
cholesteryl dibromide, C 27 H 4 eO.Br 2 , is formed {Wislicenus and Moldeti' 
hauer^). With Hull's iodine solution an iodochloro-additiou prod\ict 
is obtained {Ijeivkou'Usch^). Theory i-equires the iodine value 65-8. 
IjewhowKsch found for a specimen of gall cholesterol 67-3-G8-09 ; chole¬ 
sterol may thus be estimated quantitatively ; Wijs' iodine solution, on 
tlie conti’ary, yields erratic results (sec Chap. IX.). If only half tlie 
tliooretical quantity of bromine be added, crystals having the composi¬ 
tion C^vH^yOBr.^-l- 0 . 27114^0 and melting at 112° C. separate.* The 
two atoms of bromine can be eliminated from the dibromide C 27 H 4 gOBr 2 
witli regeneration of cholesterol by careful treatment with zinc dust 
or sodium amalgam. 

Cholesteryl dibromide is sparingly soluble in a mixture of ether and 
glacial acetic acid. A mixture of 50 c.c. of ether and 50 c.c. of gJaeJaJ 
acetic acid at 20° C, dissolve.? 0-6 grni., and a mixture of 40 : 60 only 
0-25 grm. In the presence of a small amount of water the solubility 
is still further reduced. (Difference from sitosteryl dibromide.^) 
Menozzi gives the melting point of cholesterol dibromide as 111° C., 

1 CheiiK ZdL, 1912, 653 ; cp. also W. Steiiikopf aud E. Bliiniiier, Jmirn./. prakt. 
Ohm., 1911 (84), 460. ’ Liebig's Annal. 146,175. 

* Joum. tfoc. Chein. Imi., 1802, 43. Clocz, Conipt. rend., 1897 (124), 864. 

® Windaua, Berichte, 1906, 618 ; Cbem. Zeit., 1906, 1011- 
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and Windmis} 124°-125° C. The author is unable to confirm these 
statements, as a specimen of pure dibromide examined in a capillary 
tube blackened at 108°-109“ C. Doree,^ on the other hand, gives as 
the melting point of the dibromide 123° C. [a]r,= -42-86° (Menozzi). 
The above-given data may perhaps be explained by assuming the 
existence of several isomeric dibromides. 

Cholesteryl bromide, prepared by the action of phosphorus tri¬ 
bromide on cholesterol in benzene solution crystallises in nacreous 
platelets, m.p. 98° C. On melting this dibromide and allowing it to 
cool again, a particularly fine play of colour is obtained. ■ [a]'” = 
-1914°. 

It reacts with bromine in acetic acid to form tribromocholestan, 
^ C 27 H 43 Br 3 , which crystallises in well-formed, short prisms, melting at 
111°-112° C. [tt]};’ = -49-82° (without mutarotation) (R. Kolm^). 

With pho.sphorous tri-iodide, cholesteryl iodide was obtained (R. 
Kolm ®). 

According to Doree and Gardner,*' cholesterol absorbs, on treatment 
with ozone in chloroform solution, 1 molecule of ozone, yielding the 
ozonide C 27 H 45 O.O 3 , having [a-1-14-51°. According to JIfo/inon 
and Fenaroli, however, cholesterol assimilates two molecules of ozone 
(theory 24-85 per cent; found 25-00 and 24-70 per cent). It would 
thus seem to follow that cholesterol contains two pairs of doubly-linked 
carbon atoms. Hence the statement by Windaus and Uauth, that the 
o-cholestanol (cyolooholesterol), obtained on treating cholesterol with 
metallic sodium (see below), is a saturated substance, may require 
qualification.^ 

Cholesterol dissolves in concentrated sulphuric acid ; ® on warming 
the mixture, it is converted into a hydrocarbon C,jH 42 (?)—choles- 
terileue.’ (Difference from aliphatic alcohols.) As a further important 
difference from aliphatic alcohols, it should be noted that on heating 
cholesterol with soda-lime (Lewkomlsch^) no fatty acids are formed. 
On heating cholesterol with normal alcoholic potash on the water-bath 
under a reflux condenser for three to four hours, 20-25 per cent of a 
hydrated cholesterol is said to be formed. This product is, however, 
not obtained if cholesterol be heated with normal or IJ normal potash 
in a sealed tube at 112°-115° C.® 

By exposure to light and air cholesterol appears to undergo some 
change, the melting point becomes lower, the solubility is changed 
considerably, and the colour reactions (see below) are very indefinite 

* Arch. d. Pkunn., 1908, 122. * Jiioclum. Jaurn., 1909 (4), 77. 

® Monatsh. f. C/ie.ni., loiz (33), 447. 

^ JoHrn. Chem. Poc., 1908, 1332 ; cp. Diels, Jicrichte, 1908, 2*890. 

® Cp. lierichte, 1908, 2785 ; cp. alao Doree. 

* With regard to the Whaviour of cholesterol to concentrated snlplmrie acid in the 
presence of metallic mercury, whereby rhizocholic acid ia formed, see Schriitter, Weitzen- 
biick, and Witt {Moiuitsh. /. Chem., 1908, 246); cp. nl.ao lieriiiitc, 1908, 1561, and Zeih. 
/. angew. Chem., 1908, 2146. 

t Zwenger, Anruden, 66, 6 ; 69, 347 ; Mauthnei- and Suhla, MoiiaUh. /. CAetn. 
17, 33 ; cp, alao Cochenhauaen, IHiigl. Pnlyt. Jnurii., 1897 (303), 284. 

* Berichte, 1892, 66 ; Jvttrii. Soc. Chem. hid., 1896, 84, 

^ Darmataedter and Lifachiitz, lierichte, 1898, 1126. 
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(Schulze and WinUnteiny). This is confirmed by the author's experi¬ 
ence. Thus a sample of cholesterol from gallstones had lost its ready 
solubility in the course of twelve years, one part of cholesterol requiring 
for complete solution more than 100 parts of anhydrous ether ; further¬ 
more, an old specimen ^ of well-crystallised cholesterol had the melting 
point of 119“ C. only. It is not certain whether cholesterol undergoes 
these changes owing to oxidation. For the oxidation products of 
cholesterol compare Windaus, Archiv der Pharm., 1908, 117. Lifschiilz’s 
statements with regard to the oxidation of cholesterol and its oxidation 
products ^ have been severely criticised by Windaus.* 

On heating cholesterol with anhydrous copper sulphate to 200° C., 
cholesterylether, ( 02 , 1143)20 [more correctly ( 02 , 1145 ) 20 ], is obtained, 
cholesterilene being formed as a by-product (Mauthner and Suida^). 
This ether melts at about 195° 0. and crystallises from a mixture of 
benzene and absolute alcohol in the form of needles. (Difference 
from phytostorylether, Holde.*) 

Cholesterol does not readily assimilate two atoms of hydrogen on 
treatment with zinc dust and acetic acid or sodium amalgam. On 
boiling' it in amylalcoholic solution with sodium amalgam, a saturated 
alcohol, C 2 ,H 480 , o-cholestanol (cyclocholesterol, Diels and Abderhalden ; 
Neuherg’’), differing from copro.sterol (see below), is obtained. In 
Windaus’ opinion, a-cholestanol is not a reduction product but a 
compound having the same composition as cholesterol itself, viz. 
0 . 3,11450 ; the formation of cholestanol must be ascribed to a molecular 
rearrangement, due to the conversion of the olefinic linkage into a 
cyclic one (cp., however, the ozone compound, above). The catalytic 
reduction of cholesterol by means of hydrogen in presence of platinum 
black (R. Willsldlter and E. W. Mayer *) yielded a dihydro-cholesterol 
()S-choie 3 tanol). WUenho and Motylewski^ obtained by treating 
cholesterol with sodium in amylalcohol solution dihydrocholesterol, 
an alcohol resembling coprosterol (described as I coprosterol; crystal¬ 
lising in long needles, melting at 86°-87° C., [a]i,= -14-3°) and an 
alcohol, termed y-cholesterol (C 2 ,H 4 jO, melting at 135°-137° C.; some 
specimens were dextro-rotatory, others inactive. The acetate melts 
at 100°-102° C.). 

On treating cholesterol with phosphorus pentachloride it is con¬ 
verted into cholesterylchloride ; this is reduced by boiling with sodium 
(in amyl alcohol solution) to cholestene, 02 , 1143 , which is still optically 
active. 

Colour Reactions of Cholesterol (cp. Lcwkowitsch, Joum. Soc. Chem. 
hid., 1892, 144, and Windaus, Ar<A. der Pharm., 1908, 123). 

' llonpe'Seiflrr’s Zciis.f. phi/siof. Cfum., 1904 (53), 631 ; 1906 (48), 646. 

'■> The author obtained this specimen from B. E. R. Newlnnds, who had prepared it 
from gallstoDes in 1869. 

’ Ihppf 'Seykrfi Zeits.f. physiol. Cheni., 1907 (60), 436 ; (63) 141 ; 1908 (68), 176. 

* Arch. d. /‘/uinii.t 1908, 149. 

Momtsh./. Chem. 17, 38 ; HoMe, Xeifs./. angew. Chem., 1906, 1608. 

® ZtiU. f. angew. Chem., 1906,1609. 

Berichle, 39, 1166 ; cp. also Pickanl and Yates, Joum, Chem. Soc., 1908, 1678. 

* Hull. Acad. Science, Krakow, 1908, 837. 

» BencUe, 1908, 2199. 
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The following two colour reactions were recommended by Schulze :— 

1. If a minute quantity of cholesterol be carefully heated to dryness 
with a drop of concentrated nitric acid on a crucible cover, a yellow 
stain is obtained ; on pouring a little ammonia on to it, a yellowish-red 
tint is produced. 

2. If a small amount of cholesterol be triturated on a crucible 
cover with one drop of a mixture, consisting of three measures of 
concentrated hydrochloric acid and one measure of a 10 per cent 
solution of ferric chloride, a violet-red colouration is produced, changing 
to blue on evaporation to dryness. It must, however, be lemembered 
that oil of turpentine, camphor, and other substances behave in a 
similar manner. 

A very delicate and characteristic reaction, described by Hager, was 
modified by Salkowski, as follows: -A few centigrams of cholesterol 
are dissolved in 2 c.c. of chloroform, an equal volume of concentrated 
sulphuric acid is added, and the mixture shaken. The chloroform 
solution immediately becomes coloured blood-red, afterwards cherry-red 
and purple; the last tint remains for several days. (The sulphuric 
acid layer under the chloroform shows .sometimes a strong grc(m fluor¬ 
escence.^) On pouring a few drops of the purple chloroform layer into 
a porcelain basin, the red colour changes rapidly to blue, green, and 
finally to yellow. On diluting the purple solution with more chloro¬ 
form, it becomes nearly colourless or acquires an intense blue colour ; 
if it now be shaken again with the sulphuric acid, the former colouration 
reappears. These changes of (‘olour are said to be due to traces of 
water in the chloroform.^ 

If a chloroform solution of cholesterol prepared from fats be shaken 
with concentrated sulphuric acid, the blue colouration is noticed at 
once; this indicates the presence of so-called ‘‘ lipochromes,*’ which 
have been shown to occur in cod-liver oil, the fat of the yolk of cgg.s, 
palm oil, and in small quantities in cow butter. But even in tliese 
cases the red colouration soon appears. 

Salkowski later recommended the following modus ojierandi :— 
Dissolve a small quantity of cholesterol in cliloroform, drop the solution 
on filter paper, dry the latter and pour .some concentraled sulphuric 
acid on it. The cholesterol drops become lemon-yellow ; on pouring 
off the sulphuric acid, the yellow colour changes to reddish or rose-red 
and disappears immediately on adding water.^ 

Lieher matin'a “ cholestol ” reaction is very cliaracteristic, and is 
shown by the minutest quantities of cholc.sterol. A solution of chole¬ 
sterol in acetic anhydride gives a violet-pink colouration * on adding 
drop by drop concentrated sulphuric acid. Sharper still is the modified 
form of this test as proposed by Burchard : Dissolve a little cliolesterol 

* In the case of wool fat cholesterol tiiis green Huoresccnce i-s, in the author’s opinion, 
due to the presence of isocholeslerol. 

^ Accoriling to Herhig {Dbujl. Polyt. Jonm., 1897 (303), 191), cholesteryl palinitate 
and cliolesteryl cerotate give tlie sarae colour reaction. 

® Zeits./. physiol, f/kem., 1908 (57), 515. 

* Wool fat cholesterol does not show the violet-pink colouration given iiy gallstone 
cholesterol, but becon>es re^l at once. 
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in 2 c.c. of chloroform, add 20 drops of acetic anhydride and 1 drop 
of concentrated sulphuric acid. 

It should be noted that rosin acids (colophony), terpenes, and other 
substances give the same or very similar reactions.^ It is therefore 
not advisable to rely exclusively on colour reactions ^ for the purposes 
of identifying cholesterol. 

With regard to the detection and isolation of cholesterol from animal 
oils and fats, its quantitative determination, and separation from 
phytosterol, cp. Chap. VI., Chap. IX., and Chap. XI. 

Esters of Cholesterol 

Cholesteryl formate, C 27 H 45 O.CHO, crystalli.ses in long, fine needles 
melting at 1 ) 6 - 8 ° C. (corr.) (Bomer). [a]*|J= - .52-5° (cholesterol from 
egg yolk); [ 0 ]',,'=-Dl-83° (from milk); [a]'f=-51-48° (from bile) 
(Menozzi^). 

Cholesteryl acetate, CjjHjjO. CgH^O, is prepared by boiling cholesterol 
with one and a half times its quantity of acetic anhydride in a flask 
connected with an inverted condenser. This reaction may also be used 
for the quantitative determination of cholesterol (Lewkowilsch*). 
Cholesteryl acetate crystallises in small needles, nearly insoluble in 
cold, and .sparingly soluble in boiling alcohol; they di.s.solve very 
readily in petroleum ether boiling below 50° C. The crystals melt at 
114° C. ; 114-3°-n4-8° C. (corr.) [Bomer). On solidifying, the crystals 
display colours (see Jrtjcr below). [a]"= -42-7° (from milk); -42-5° 
(from bile) (Menozzi ’). 

Cholesteryl propionate, C 27 HJ 5 O. C3H5O, crystallises in the form of 
very fine needles; it melts at 98° C. (Obermiiller), 96-8°C. (corr.) (Bomer). 

Cholesteryl (normal) butyrate, C 27 H 45 O.C 4 H 7 O, crystallises in the 
form of short, fine needles melting at 95°-96-8° C. (corr.) (Bomer). 

Cholesteryl isobutyrute, C 2 ,H 450 . C 4 H 7 O, melts at 127° C. This 
ester furnishes the best-defined crystals amongst all chole.steryl esters, 
and does not form “ liquid crystals.” Hence it melts sharply ; m.p. 
127° C. (Jayer). 

Cholesteryl isoralerate, C 27 II 45 O. C^HjiO, melts at 114° C. [a]'-JJ = 
-32-7° (E. Alxlerhalden and K. Kautzseh^). 

Cholesteryl laurate, CJJ 7 H 45 O. CjjHjaO, crystallises in slender needles, 
melting at 110° C., and after sintering at 78-5-79-5. [a]®= -24-2°. 

For chole.steryl pahnitate, stmrate, oleate, and cerotate see p. 66 . 

^ Cp. Lfwkowitscli, Berichtf, 1892, 66. 

® For TscluigajofTs colour reactions with trichloro-acetio nciil, described by 
Lifschiitz {lierichte.^ 1908, 2.®i3), and Dciiigcs [Ghein. Revue, 1901, 231), the reader must 
l>o referred to the original papers, as these reactions are given by other substances as 
well ns by cholesterol. The same strictures ajiply to the test projxised by Nenberg and 
Knuchwerger {Festschrift f. E. Ealkmrski, p. 2^); Zeiis.f.physiol. Chem. (12), 355, and 
later on again by Udransky ; cp. also Ottolenghi {AUi R. Accad. dei Lined, 1906, 15, 
i. 44, and JHuchem. Ztits., 1908 (xiv.), 351. 

® AUi R. Accad. dci Lined, 1903 (12), i. 126 ; ibid., 1908 (17), i. 91. 

* Rcrichte, 1892, 66 ; Journ. Soc. Ckeni. Ind., 1896, 14. 

^ Zeits./. physiol: Chem., 1910 (65), 69. 
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Cholesteryl henzoate, CJJH 45 O.C 7 H 5 O, is formed by heating cholesterol 
with benzoic anhydride in a sealed tube to a temperature of 200“ C. 
or by dissolving cholesterol in pyridine and adding a solution of benzoyl 
chloride in pyridine (Doree i). It is nearly insoluble in boiling alcohol, 
100 c.c. of absolute alcohol hold at 20° C. 0-12 grm. in solution 
(Doree *), and crystallises from ether in rectangular plates melting at 
150“-151“C. (Schulze), 145-5° C. (Obermuller), 148-4° C. (corr.) (Btkner), 
146° C. (Menozzi). [a]’|j'= -15-1° (from milk), -15-4° (from bile). 
Monobroino-cholesterylbenzoate, C 27 H 440 .Br.C 7 H 50 , melts at 136° C.^ 
[a]',J= -15-1° (in chloroform; Menozzi, cp. Moreschi^). C. Doree 
and C. Slotesbury^ showed that on brominating the benzoate two 
substances are formed, viz. the monobromide (melting at 139° C.) 
and the dibroraide (melting at 168° C.). 

Cholesteryl salicylate,^ C 2 -H 450 .(CgIl 4 C 00 ) 0 Il, melts at 173° C. 

For other esters and the several liquid phases and the colour changes 
which all the cholesteryl esters e.vhibit, sec Jdyer,^ Wallerant,'^ Leh¬ 
mann,^ Ada Prins,^ P. Gaubert,^^ C. P. WhileM 

The separation of cholesterol from cholesterylesters is of importance 
to the physiological chemist.*^ This can be effected to some e.'ctent by 
means of aceto-ethylacetate, in which cholesterol is much less soluble 
than the cholesterylesters (Liebreich **). The separation is, however, 
best effected by means of the digitonin reaction -(.see above). For the 
separation from natural oils and fats Windaus *■* also suggested the 
employment of such ferments as would hydrolyse the glycerides, but 
leave the cholesterylesters unattacked. This method may be considered 
as superseded by the digitonin method. 

(2) IsOC'HOLESTKKOL, 

This alcohol is isomeric with cholesterol, and resembles it in many 
respects. It occurs together with it in wool fat (Hartmann, Schidze ; 
cp. also Vol. II. Chap. XIV.). Isocholesterol, isolated from its benzoate 
(Schulze “), crystallises from ether in fine needles melting at 137°-138° C. 
(140°-I41° C. Moreschi ^’). It di.s 3 olves sparingly in cold, rapidly in 

* Biocheni. ZtiU., 1909 (-1), 7r>. 

^ Obermuller, Znls.f. phyaiid. (Jkevi.^ 1891 (15), 37. 

^ Atti II. Accad. dei Lined, 1910 (19), ii. 

^ Proc. Chem. Soc., 1912, 196. 

* Goloiletz, Chem. Zeit., 1907,1216. E. Artini, AUi It. Accad. dd Lined, 1910 (v.), 
19, i. 782. 

* RecAieil des trav. chim. lies Pays-Bas, 1906, 334 ; Chem. Weckhlad, 1907, i. ; 
Koningl. Akad. van Wetensch., Amsterdam, 1907, 359, 472. 

’ Compi. renet., 1906 (143), 606. ® Zeits. f, angeAc. Chem., 1906, 1641. 

» Zeits. f. phys. Chem., 1909 (67), 639. Compt. reiui., 1909 (149), 608. 

» Proc. Phys. Soc., 1908 (vi.), 38. 

Cp. Cnna and Golodetz, Biochem. Zeits. 1909 (24), 484 ; 1910 (26), 425, and E. 
Salkowski, il/id., 1910 (25), 427. 

Cp. also E. Salkowski, Arheiten a. d. phys. Ivstitul. zu Berlin. 

** Ardi. d. Phann., 1908, 126. 

The author adopts the same formula which has been establislietl for cholesterol 
{BerichU, 1898, 1200). Jnum. f. prakt. Chem. [2J, 7, 163. 

” Atti R. Acead, dei Lined, 1910 (19), ii. 53. 
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boiling alcohol, from which it separates, on cooling, in a jelly-like mass. 
It is readily soluble in ether and in petroleum ether. 

A phytosterol isolated by H. N. Cohen ^ from African rubber 
(obtained from a Euphorbia) and melting at 141® C. is in Cohen's ^ 
opinion identical with isocholesterol, for on mixing a preparation of 
Schulze's original isocholesteryl benzoate with the benzoate of the 
rubber-phytosterol, as also by mixing isocholesterol obtained from 
isocholesteryl benzoate with the phytosterol from the rubber, no 
lowering of the melting points was observed. Cohen draws from these 
observations the important conclusion that no fundamental difference 
exists between “ cholesterols ” of animal and vegetable origins. In the 
author’s opinion this conclusion does not appear to be sufficiently 
substantiated. 

On treatment with hydrogen it docs not form, like cholesterol 
and bombiscesterol, a dihydro-derivativo {Moreschi^). According to 
• Darmsliklter ami Lifschutz ^ it absorbs bromine readily ; the compound 
so obtained melts readily and forms with alcoholic potash a yellow 
solution turning green on boiling, and becoming yellow again on cooling 
{Moresclii). 

Isocholestcrol is optically active ; in contradistinction to cholesterol 
it is dextro-rotatory. [a],>=-t-60° in ctheical solution {Schulze). 
[a]^iJ= +59-1® iu chloroform {Moreschi^). 

On exposure to light isocholcsterol, like cholesterol, undergoes a 
change. Thus a sajnple exposed for twenty years to the light melted 
at 112® C., after it had commenced to conglutinate at 95® C. A sample 
melting originally at 136®-137® C. had, after exj)osure to the light for 
a few months, the melting point of 119® C. 

Colour Reactions of Isocholesterol .—Isocholesterol gives the same 
colour reaction with nitric acid and ammonia as does cholesterol. 
On adding one drop of concentrated sulphuric acid to a solution of 
isocholestcrol in acetic anhydride, a yellow, and afterwards a reddish- 
yellow colouration is observed; at the same time a strongly marked 
green fluorescence makes its appearance. The green colour becomes 
more distinct in the Liebermann-Burchard “ cholcstol ” test (see 
above). 

In a mixture of cholesterol and isocholestcrol the colour reaction 
of the latter seems to prevail and to mask the violet-pink colouration 
due to chole.sterol. 

Isocholesteryl fonmte, -I- 40-47® (Moreschi). 

Isocholesteryl acetate, C 27 H 45 ().C 2 H 30 , has been obtained as an 
uncrystallisablo mass. 

Isocholesteryl stearate, sec p. 66 . 

Lfocholc.sleryl benzoate, 037114 ^ 0 . 071150 , is a crystalline powder, 
consisting of very fine needles melting at 194°-196® C. {Schulze); 199® C. 
{Moreschi^). It dissolves sparingly in alcohol, more easily in hot 
acetone and in ether, [ajjf (in chloroform) = - 1 - 73’33® {Moreschi ®). 

* Arch. (I. Pkanit., 1908 (246), 622. * /Ait/., 1908 (246), 692. 

* AUi it, Accad. dd Lined, 1910 (19), ii. 63. * Meiichie, 1898, 97 ; 1122. 
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(3) Bombicesteeoi (C 2 JH 44 O.H 2 O *) 027114,0 

This alcohol is stated to occur in the unsaponifiablc matter of 
chrysalis oil, together with ordinary cholesterol (Menozzi and Moreschi^). 
After repeated crystallisation from alcohol it melted at 148° 0, and had 
the specific rotation, in chloroform, [a]n= -34-91°. Although the 
melting point, as also the optical rotation, is identical with that of 
cholesterol, and the composition is stated to be identical with that of 
bile cholesterol,' Menozzi and Moreschi maintain, on the strength of the 
crystalline form and the melting point of its acetate, viz. 129° C., that 
this alcohol differs from cholesterol. By treating the ethereal solution 
of the alcohol with one molecule of bromine (in glacial acid solution) a 
dibromo-derivative, melting at 111° C., is obtained (cp., however, p. 267). 

According to Molinari and Fenaroli, bombicesterol absorbs 24-73 
per cent of ozone, theory requiring for two pairs of doubly-linked carbon 
atoms 24-84 per cent. On reducing bombicesterol with hydrogen, 
dihydrobombicesterol is obtained. This alcohol is in chloroformic 
solution dextrorotatory, [al'i;'= 4-19-11°; melting point 134° C, 
Bombicesterol can be separated from the concomitant cholesterol by 
means of the acetate, as also of the dibromide. 

Formate, melts at 101° C. [a]''|,''’= -47°. 

Acetate, melted in the impure .state at 112°-114° C. After one 
crystallisation the melting point ro.se to above 120° C., and after repeated 
crystalli.sations to 129° C. (cp. Vol. II. Chap. XIV. “Chrysalis Oil”). 
ra'l'V,’ --42-7°. 

Benzoate, crystallises in lamina-, melting at 146° C. fa]™ -= - 11-63°. 

(4) Clio.nasteroi. 

CUonasterol is an alcohol isolated from the tiss\ie of sponges. It 
re.scmbles both cholesterol and bombicesterol. 

(6) Phytoeteivls 

(1) SiTO.STEROL, CjjHjoO ( 0.2711440 ?) 

Sitosterol, the “ cholesterol of plants,” is widely disseminated in 
the vegetable kingdom and occurs in all seeds and fruits, and is therefore 
also found in soil ^ (as an ester). 

Until recently the chemi.stry of the several “ phytosterols ” isolated 
from different plants was only very incompletely known. At first 
the phytosterols were identified with cholesterol {Benekc,* Lindenmayer,^ 
Ritthausen ®) until Hesse’’ showed that the alcohol isolated from Calabar 

* It may l« pointed out that Menozzi ascribea tlie same (erroiieous) conqinsition, viz. 
C„1I„0. HjO to bile (egg yolk) cholesterol. See p. '265, footnote 4. 

^ Atli It. Aocait. dei Lincei, 1908, i. p. 95 ; 1*26 ; ibid., 1901, i. 127. 

3 0. Selireiner and E. C. Shorey. Jmi.ni. of Itiolofj. C'tiem., 1911 (ix.), 9, Another 
alcohol, differing from phytosterol, also melting at 135° C. and giving the "cholestol’’ 
reaction, ha.s .also been fr>nrid in the .soil by Schreiner and ,Shorey, Jonrn, Amer. t'hem. 
Sac., 1908, 1295; 1909, 116, This alcohol is named by these authors "Agroaterol” 
and occurs in the free state. 

t Liettif/a Annul.. 1-22. 249 ; 127. 105. " Joum. f. prakt. Clmii. 90, 328. 

“ Ibid., 1863, 544. ’ Liebig'a Amial. 192. 175. 
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beaus differs from cholesterol. A number of alcohols having the same 
composition were described under various names, such as caulostorol,* •* 
ergosterol,^ hydrocarotol,^ amycol,^ agrosterol,® etc. Bomer obtained, 
from different oils, “ phytosterols ” differing in their melting points; 
since small quantities, such as he obtained, are very difficult to purify, 
and hence necessarily differ in their melting points, it is very probable 
that some of these alcohols described by him as separate individuals 
(such as peas-alcohol, beans-alcohol, etc.) are identical with sitosterol. 
Indeed Windaus and Hauth ® are of the opinion that most of the “ phyto- 
sterols ” of the melting point 135“ C. are identical with, or consist for 
the most part of, sitosterol. It should, however, be pointed out that 
Wcujiier and Clement showed that the unsaponiliable matter of cotton¬ 
seed oil (Vol. II. “Cottonseed Oil”) contains two “ phytosterols ” of the 
melting point 139“ and 132°-133° C. respectively. The “ phytosterol ” 
obtained from Ecldnophora spinosa, L.,® appears also to be identical 
with .sitosterol.’ 

The most prominent characteristics of a number of these various 
alcohols have been recorded by Gerard,^ Burian,^ Itilier}^ Haulh}^ Klobb 
and Bloch,Wehch,^ Cvheu, Power and his collaborators, and KlobbM 

In the commercial preparation of vegetable oils and fats the latter 
dis.solve small quantities of “ phytosterol ” forming a very characteristic 
concomitant of all vegetable oils and fats (difference from animal oils 
and fats). The projiortion of “ phyto.sterol ” in vegetable oils and fats 
is somewhat larger than that of cholesterol in animal oils and fats. 

Sitosterol in many res])ects resembles cholesterol; it differs, how¬ 
ever, from it in its crystalline form, melting point, magnitude of optical 
rotation, melting point of the esters (notably so of the acetate), and 
chemical constitution. The “ phytosterol,” isolated by Bomer from a 
number of commercial oils and fats, ciystallises in .solid needle.s, grouped 

• Scliulze and Harhieri, Journ. /. prakt. Chon. ‘25, 160 ; Fruiikforter and Harding, 
Jouni. Amcr. Chem. Jnd., Ii59y. 758. 

- Taiiret, Compt. rend.y 1889 (108), 98 ; -IrtH. tie Chim. H de Phps., 1908 (8), 15, 
313 ; (iiTard, Compt. re7id., 1892 (114), 1544 ; Ottoleaglii, Chem. Centrahl., 1906 (i.), 
511 ; Zolliier, MontiLdi. f. Chem. (26), 727 ; (29) 45, 1171. 

•* llydrocurotol nientioiied in the 4t]i ctlition of this work is a hydrocarbon (WillstiitU'r, 
Liebig's AhiuU. 355, 1). 

^ Welscli, Inaug. /Awserf., Olfenbach a/M., 1909. * Jierickic, 1906, 4379. 

** Tarbourioch .'ind Hardy, JiuJl. d. Sriciic. Pharmacol., 1907, 387. 

’ A phytosterol, liaviug the composition C.2oH.„0, and melting at 135°-136® C., 
was found by Power and Salway, Phann. Jourii., 19u7 (79), 126, in the fat from Jinicca 
antidysenUrica, Lam. 

« Covipt. rend., 1892 (114), 1544. » Monaish. f. Chem., 1897 (18), 661. 

Zeils. f. physiol. Chem. 34, 461. Inaiig. Dissert., Freiburg i/B., 1907. 

Bloch, Bull. Scicne. Pharmacolog. 17, 160; (tojnpt. rend., 1909 (149), 999. The 
following alcohols may be mentiono*! brielly:—Beta.sterol {Berickte, 1903, 976); Arni- 
sterol, m.p. 249“-250'’ C. {Co^npt. re^ui,, 1906 (140), 1700); Sojaaterol [Bull. Soc. Chim., 
1907,1. 422); cp., however, Vol.II. Chap. XIV. “Soya Beau Oil.” For “ phytostcrols ” 
from Balata, African rubber, and for “lupeol” (whicli may be identical with “ami- 
sterol ”), cp. N. H. Cohen (above, p. 273). For a-“ phytosterol ” C 2 oHa 40 , melting at 
134°*136‘’ C., from nutmeg butter, cp. Power and Salway, Joum. Clum. Soc., 1907, 
2037. Faradiul is a dihydric alcoliol 

** Inaug. Dissert., Otfenboch a/M., 1909. 

** Bull, d, Scienc, Pharmacol,, 1910 (xvii.), March, April, and May. 
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in tufts; under the microscope there are discerned long, solid needles 
arranged in star- or bunch-like groups (cp. Illustrations in Chap. IX.). 
These crystals belong most likely to the monoclinic system, and have 
the composition expressed by the formula C 27 H 4 gO -l- HgO; they melt 
at 137^-138° C. 138“'143-8° C. (corr.), according to the purity 

of the preparation. A carefully purified specimen of sitosterol from 
cottonseed oil melted at 139® C. (Malthes and Heintz ^). 

The alcohol first described as sitosterol was found by Burian ^ in 
the “ unsaponifiable matter ” of the oils from wheat and other germs 
of the graminea?. Hence, the “ cholesterol ” stated by Hoppe-Seyler 
and Hopkins to occur in maize oil is most likely sitosterol.^ It crystal¬ 
lises in white laminae of silky lustre, simulating the appearance of gall 
cholesterol. From dilute alcohol, sitosterol crystalli.ses with one 
molecule of water; hence the formula C 27 H 4 gO -h HoO was assigned to 
it. From ether it crystallises in anhydrous needles. Sitosterol melts 
at 137-5® C. (Bariaii), 136*5® C. {Ritter). It is easily soluble in ether, 
chloroform, benzene, carbon bisulphide, and hot alcohol, but sparingly 
soluble in cold alcohol. It is much less soluble in cold petroleum 
ether than is cholesterol; 150 c.c. of petroleum ether I>oiling below 
50° C. dissolve 0-039 to 0-014 grin. ; 10 c.c. of absolute alcohol dissolve 
0*173 grm. (Polenske). [a|„=-26*71®.^ [a 1',;*--23-14° {Matthes 
ami Heintz ^). 

Sitosterol carefully distilled in vacuo passes over unclianged, and 
retains its hevo-rotation; when distilled rapidly under ordinary 
pressure, strongly dextro-rotatory distillation products result. Engler 
obtained from “ phytostcrol® four fractions which in 10 jier cent 
chloroform .solution gave in a 200 min. tube the following saccharimeter 
“ degrees ” :— ± 0 ; + 13-0 ; + lG-0 ; + 12-0 re.spectively. 

In the LiebermanmBurchard “ cholestol ” test, as also in the Sal' 
kou'ski reaction, sitosterol behaves like cholesterol. 

With metallic sodium in amyl-alcobolii; solution sitosterol yichls 
dihjdrophytosierol, 027^^48^^’ melting at 175® C. {Hautk). This char¬ 
acteristic derivative of f)hytosterol may be used for purposes of identi¬ 
fication. Dihydrophytosterol was obtained from the phytosterol of 
linseed oil, as also from Burian s sitosterol. It still contains one pair 
of doul)ly-linked carbon atoms; hence it must be con<-luded that 
phytosterol contains at least two pains of unsaturated carbon atoms. 

Sitosterol yields with bromine a dibromo-derivative,’^ soluble in a 
mixture of ether and glacial acetic acid (difference from cholesterol 
dibromide) and crystallising oidy with difficulty. On adding water to 
its solution in ether and glacial acetic acid, it is thrown down as a heavy 

J Arch. d. riuirm.. 1909 (247), 161. « Momldi./. Chem., 1897 (18), 561. 

^ A. H. Gill and C. G. Tufts, Journ. Amrr. t'hem. 1908, 2.'), 251. 

* Zzits.f. phyniol. <Jicm. M, 431. 

I'ickar<l and Yatts {JouTn. Chciii. fine., 1908, 1930) found for a specimen of 
aitosttrol from wheat ^ernis, after hcatiiit; it to 100"' G.: —[a),, (in cIiloroforiu)= - 34*4 
(c = .5-5) iiml [aj„ (in ether)= -23*21 (c^2*9). 

“ The j»hylosterol i« dfcscril)ed as having been bought from Merck, Most proV)ahly 
this is a phytosterol obtained from Calabar beans ; but a.s the melting point has not been 
stated, it must be left open to doubt whether all stignnisterol had heeii removed. 

’ Wiudaus, Gkem. Zeit., 1906, 1011. 
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oil, which can only he obtained with very great difficulty in a crystalline 
state. 

With HiihVs solution phytosterol .gives an iodochloro compound ; 
the iodine value of phytosterol was found by Matches and Heiniz} 
62-79 (theory 6 u- 8 ). With Wijs’ iodine solution erratic rc.sults are 
obtained (cp. Chap. VIII.). 

Sitosterol absorbs 24-85 per cent of ozone, whereas theory requires 
for 2 molecules of ozone an increase of 24-84 per cent (MoUnari and 
Fenaroli). The oxidation products of phytosterol are being studied 
by Pickard and Yates.- 

Esters of Sitosterol 

Sitosleri/l formate, C 2 ,H 450 .CH 0 , melts at 105-5'’-! 14-3'’ C. (corr.), 
ac(-ording to the purity of the various preparations of “ phyto.sterol ” 
obtained from different oils {Biimer). The crystals closely resemble 
those of “ jrliytosterol ” itself. 

Sitosterijl acetate, C 27 H 45 O. CjH^O, crystallises, from a concentrated 
solution, in bunches of very fine needles; from a very dilute solution, 
plates resembling “ phyto.sterol ’’ itself were frciiuently obtained. 
The melting point of the acetate is 125-6°-137'’C. (corr.) (Bo)»er),accord¬ 
ing to the purity of the preparations obtained from the different oils. 
Acetates prepared by other observers from cotton.seed oil “ phytosterol ” 
melted at 125° C. (Warjner and Clement), 123-5° (Mntthes and Ilcintz ); 
from dadap seed fat phytosterol at 1.30° {Cohen). The melting point of 
a pure accl.ate obtained from Biirian's sitosterol, as also from Calabar 
beans, was found by flaiith, 127° C. [aj',;’21-42° {Malthes and 
Ileiniz). 

The dibromide melts at 135° C. (Rohdich), 127’ (Ileidusclika and 
Gloth\ 

Sitosterijl projiionate, C 27 H 45 O. C 3 H 5 O. The. crystals are mostly 
obtained as very fine needles ; occasionally they form large plates 
very similar to those which " phytosterol ” itself exhibits. The melting 
point varies from 106° to 117-3° C., according to the purity of the 
preparations obtained from the various oils. The melting point of 
propionate from Burian's sitosterol is 108-5° C. 

Sitosterjl (normal) hiiljrate, C 2 ,H 450 .C 4 H, 0 , crystallises in forms 
very similar to those of ” phytosterol ” itself. The crystals melt at 
68-5°-l)0-6° C. (corr.), according to the purity of the preparations 
obtained. 

Sitosterijl benzoate, C 27 H 45 O. C,HjO, crystallises in rectangular plates 
very similar to those of cholesteryl benzoate. Preparations obtained 
from cottonseed oil and sesame oil “ phytosterols,” melted at 145-3°- 
148-4° C. (corr.). The benzoate obtained from Burian's sitosterol 
melts at 145°-145-5° C. (Ritter % 

I Arch. (t. Idmrm., 1909 (247), 181. 

^ yVwr. Cliem. 1908, 227 ; Journ. Ch^in. Soc., 1908, 1928. 

^ iVmm. Zenlntlk., 1908 (49), 83G. 

* Ftir other ester.'!, aiul the several litjnid pha-ses which “ phyto-stcryl ” esters exhibit, 
cp. Jiif^er, Jiec. d. trav. chim. Pai/s-Jitrs, 1900, 834 ; Prw^ed. K. A/uid. mn yVetciisck.j 
Amstenlam, 1907, 483 ; Walleraiit, Comjkt. reiid.j 1906 (143), 605, 
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(2) Brassicastebol, + HjO 

Brassicasterol occurs in rape oil {Windam and Welsch ^). It has 
been prepared from its pure acetate in the form of hexagonal leaflets, 
melting at 148“ C. In chloroform solution the specific rotation is 
[a]’,? = -64° 25', in ethereal solution [a]'^= - 63“ 31'. 

Brassicasleryl acetate, CjjH^O.CjHjO, obtained by reduction of its 
tetrabromo-derivative, crystallises in thin hexagonal leaflets, melting at 
157°-158“ C. The tetrahromide, cry.stallises in rhombic 

plates; it is sparingly soluble in methyl alcohol, ethyl alcohol, and 
glacial acetic acid, more readily soluble in acetone and ether, very easily 
soluble in chloroform. It decomposes at 20t)“ C. 

Brassicasteryl propionate, C 2 gH 450 . CjlIjO, prepared by heating 
brassicasterol with propionic anhydride, crystallises from alcohol in thin 
quadrangular leaflets, melting at 132“ C. The tetrahromide forms 
rhombic plates melting, with decomposition, at 206“ C. On reduction 
with zinc dust and glacial acetic acid the propionate is re-formed. 

Brassicaeteryl benzoate, CjgH^jO.CjHjO, obtained by heating 
brassicasterol with benzoyl chloride, melts at 167“ C. to form a turbirl 
liquid, which becomes clear at 169“-170° C. 


(3) Stkimastebol, Cs„H,,0 (or C3„H5oO) + H,0 

Stigmasterol was first found in Calabar bean “ phytosterol,” ^ of 
which it constitutes 20 per cent. This alcohol has also been found to 
occur, mixed with ordinary “ phytosterol,” in a number of oils and fats 
(see Vol. II. Chap. XIV.). Very likely this alcohol occurs frequently 
in admixture with sito.sterol in the unsaponifiable matter of vegetable 
oils and fats. This would explain the great difference in the melting 
points of the esters of “ phytosterol ” found by Bonier (sec above). The 
alcohol forms crystals melting at 170“ C., and appearing under the 
microscope, to be practically identical with those of “ phytostcrol.” 
In the Liehermann-Burchmd “cholestol ” reaction, stigmasterol behaves 
exactly like “ phytosterol.” In chloroform solution the specific 
rotation is [a]” ,= -45-01“ ; in ethereal solution [a]^J= -44-67“. 

This alcohol contains two pairs of doubly-linked carbon atoms, as 
it yields a tetrabromo-derivative, Cao^JjsOBr^. 

Btigmmteryl acetate, . CjHgO, obtained by reduction of its 

tetrabromo-derivative, crystallises in rectangular plates; it is easily 
soluble in acetone, chloroform, ether, sparingly .soluble in methyl 
and ethyl alcohols, and melts at 141“ C. The tetrahromide, C 30 II 47 O. 
C 2 H 3 O. Br^, is sparingly soluble in methyl alcohol, ethyl alcohol, and 
glacial acetic acid, easily soluble in hot benzene, and with difficulty 
soluble in ether and acetone. It melts at 2U“-212“ C. 

Sliymasteryl propiotmle, 03 ( 111470 . 031150 , crystallises from alcohol 

‘ /kricMe, 1909, 612. 

^ Windaus niid Hautli, Ikriehte, 1906, 4378, Zeits. /. (Jnters. d. Nakrgtf' v. 
Oenussm., 1909, xvii. 267. 
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in prisma melting at 122° C. The tetrabromo-derivative melts, with 
decomposition, at 202° C. 

Sligmasteryl benzoate, . C 7 H 5 O, crystallises in quadrangular 

plates melting at 160° C. 


CoPROSTEROL, ?) ^ 

This alcohol is formed through the reduction of cholesterol (which is 
discharged with the bile) by the bacteria occurring in tlie intestines. 
Hence it occurs in considerable quantities in sewage fats (see Vol. III. 
Chap. XVI.). Konig and Schluchebier found it also in considerable 
quantities in the excrements from animals fed with peas, maize, cocoa- 
nut cake, and sesame cake. It would therefore appear that “ phyto¬ 
sterol ” also is reduced to coprosterol in the alimentary canal.^ 

Coprosterol crystallises from 8 ,') per cent alcohol in long fine needles, 
melting at 95°-96° C.; 99°-100° C. (Doree). It dissolves easily in absolute 
alcohol, chloroform, ether, carbon bisulphide, benzene, and petroleum 
ether. It rotates the plane of polarisation to the right; [a]™ = + ,24°. 
It differs from cholc.sterol by its crystalline form, its melting point, 
the sense and magnitude of tlie optical rotation, and the melting point 
of its benzoate. On treatment with ozone, coprosterol absorbs one 
molecule of ozone (Doree ^). 

By the action of .sodium amyloxide on coprosterol, an isomeric 
coprostcrol is obtained (Doree). 

Goprosteryl acetate crystallises from a mixture of alcohol and ether 
in rectangular plates melting at 114°-ll,h° C. According to Doree * the 
acetate crystallises in needles melting at 88 ° C. 

The separation of coprostcrol from cholesterol and sitosterol, if 
occurring together (as in the case of sewage fats), is effected by 80-85 
per cent alcohol. 

Goprosteryl benzoate, crystallises in plates, melting at 122° C. (Doree). 

* ('p. (I. I>f>r(ic and J. A. Gardiner, Journ. Chan. Soc., 1908, 1625. 

^ Cp., however, hevitCM, Ifoppc-Seyhys ZcUs.f. physiol. Ckem., 1908 (57), 46. Cp. 
alno C. Kusninoto, liiockem. XcHs., 1908 (14), 407, 411, 416. 

^ Journ. Chew. Soc., 1909, 646. 

* Biochm. Journ., 1909 (4). 79 



CHAPTEE IV 


PREPARATION OF THE PATTY MATTER FOR EXAMINATION 
—PRELIMINARY TESTS 

The commercial preparation of the raw materials used in tlio oil and 
fat industries, and the methods of rehning and bleacliing them, will 
he discussed in tiie second volume of this wtu'k (see Ohap. Xlll.). 
In this section we deal with the fatty materials as they reach the 
works’ yard or the chemical laboratory. Prepai-atory to tfie analytical 
examination by pliysical and chemical methods, the fatty matter must 
be freed from foreign substances. 

Sampling 

in sampling a cask or barrel of fat one must be careful to obtain a 
sample which shall actually represent the bulk. This caji easily l)e 
done in the (^ase of oils (lirjui<l fats), and ail that is necessary is to stir 
thoroughly any separated *'stearine ” {e.g. cottonseed oil) into the 
bulk of the oil. In the case, however, of solid fats special caution must 
be observed, or grave errors may be committed. 

The following reliable method of sam])ling tallow and other solid 
fats is the one used at sea|)orts and in works. By means of an auger 
a cylindrical sample of fat, at least eight inches long and one inch thick, 
is taken from each cask, or a convenient nuniher of casks, and each 
.sample is labelled with the number and marks of the cask, the gross 
weight and tare of eacfi cask being also noted. If (here ])e reason to 
presume the a<Iinixture of gross impurities such as sand, etc., which 
collect at the bottom of the cask or barrel, then it is advisable to take 
further samples by boring a hole on the opposite side of the bung-hole 
of tlie cask or barrel. It may even be necessary to bore holes for 
sampling purposes through the ends of the packages, or in extreme cases 
to take off one end of the cask or barrel and draw a number of samples 
by inserting the auger in different places and at different angles. 

The several samples are mixed in the laboratory in (piantitics 
proportionate to the net weight of their respective casks, and the mass 
thus obtained is melted on the water-bath in a disfi, at a temperature 
not exceeding 60^ 0., with constant stirring As soon as the fat is 
melted, the dish is removed from the water-bath and the mass is stirred 
vigorously in order to prevent water and impurities from settling down 
to the bottom of the dish. 


280 



CHAP. IV 


ESTIMATION OF WATER 


281 


The first operation in the examination of fats is the estimation of 
water and of those substances of a non-fatty nature which can be 
readily separated from the fat. It should be borne in mind that a 
number of bodies, such as rosin, parallin wax, paraffin oils, tar oils, and 
rosin oils, remain dissolved in the fat. These substances, excepting 
rosin, at e comprised under the term “ unsaponifiable matter.” Their de¬ 
termination, as also that of rosin, is carried out when the examination 
of the dry and preliminarily purified fat is reached. 

Estimation of Water 

About 5 grins, of the sample arc weighed accurately in a small 
beaker or wide-mouthed flask containing a thin glass rod, and dried 
at 1(X)“-11()'^ C. until the weight remains constant, or, at any rate, 
until the los-s after drying for one hour does not exceed 1 or 2 mgrms. 
(cp. Chap. VIII.). The drying should not be pushed beyond a point 
when approximately concordant results have been obtained ; as a rule, 
this will be I’eachcd within a few hours. Otherwise, slight loss may 
be {-aused by volatilisation of lower fatty acids (contained originally 
in the substance, or formed l^y hydrolysis at the high temperature) 
or an increase of wenght may take place owing to absorption of oxygen. 
It should he noted that both volatilisation and consequent dcci’ease 
of weight on the one hand, and oxidation and consequent increase of 
weight on tlio other hand, may take place sijiiultancously, so that 
those two souives of error may to some extent balance one another 
(cp. also Chap. VIII.). 

Whilst drying, it is advisable to stir the fat from time to time, 
as water will collect below the fat, and only slowly evaporate through 
it. This metliod will be found suitable in the case of solid and not 
readily oxidisal)le fats. In the case of drying oils, it is advisable to 
dry in a current of carbon dioxide, or coal gas, or hydrogen. The oil 
is then best weighed in a flask closed by a cork perforated with two 
holes, through one of which a straight tube passes to the bottom of 
the flask, whilst the other is fitted with a bent tube ending with the 
cork. A calcium chloride tube is then attached to the straight tube, 
the bent tube is connected \»ith the filter pump, and a current of gas 
is drawn through tlic oil at UX)'' C.^ 

In case the fats contain water in persistent emulsion it may be 
found expedient to admix dehydrated sodium sulphate with the sample.^ 
Better still is to treat such a sample in an extractor (see below). 

Kor the determination of water in butter fat and margarine, dried 
sand is mixed with the sample ; cp. Voi. II. Chap. XIV.Butter Fat ” ; 
for the determination of water in bone fat and in tallow see Vol. 11. 
Chap. XIV. “Bone Fat” and “Beef Tallow”; in lubricants see 
Vol. 111. Chap. XV. “ Lubricating Oils—Lubricants ” ; and in Degras 
sec Vol. III. Chap. XVI. “ Sod Oil—Degras.” 

In case cainstic potash, or potash soap, or jime soap have been 

* ('l>. thnirn. Soc. Chem. IniLf 1886, .^OS (Illnstratioii). 

^ Cp. U. IVrricr, /!««. ckim, anaL (tppl., 1909 (14), 867. 
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fraudulently added to tallow, etc. (in order to facilitate the incor¬ 
poration of water), the fat cannot be freed from the last traces of 
water by drying at 100° C. Bone fats normally retain lime soaps 
which do not readily part with the contained moisture even at 130° C. 
The safest plan in these cases is to determine the amounts of fatty 
matter, impurities, and of potash or lime separately, and to take the 
percentage of water by difference (cp. “ Bone Fat,” Vol. II. Chap. XIV.). 

Very small quantities of water—below 0-5 per cent —in lard can 
be ascertained with great accuracy by determining the temperature 
at which the melted lard becomes turbid (cp. Vol. II. Chap. XIV. 
“ Lard ”). This method is, however, not applicable to the determina¬ 
tion of moisture in tallow.^ 

For the determination of water by distillation after addition of 
toluene or xylene cp. Vol. III. Chap. XV. “Lubricating Oils”; cp. 
also F. Michel? 

Determination of Foreign Substances 

To determine solid substances, such as remnants of vegetable or 
animal tissue, dirt, or fraudulent admixtures, 10-20 grms. of dried ^ 
fat arc extracted in a flask by .shaking with one of the following solvents : 
petroleum ether, ether, chloroform, carbon tetrachloride,'* trichlor- 
ethylene, or benzene. Carbon bisulphide which is largely used in 
French laboratories is best avoided. The solution is then poured 
through a tared filter and the residue wa.shed on the filter with the 
same solvent, until a few drops of the filtrate, evaporated on pajier, 
no longer leave a grease-spot. The filter with its contents is then dried 
at 100° C. and weighed. The dried residue may be incinerated and 
weighed again, when the difference will give the amour\t of organic 
matter. If the amount of ash is large (salt, chalk, clay, or lime from 
fraudulently added lime soap), further examination of the.se foreign 
matters is required. 

Of the foregoing solvents, petroleum ether will be found the most 
convenient, inasmuch as it dissolves smaller quantities of resinous 
bodies than do any of the other solvents mentioned. Therefore, if 
there be no reason against the u.se of petroleum ether— e.q. in the 
case of castor oil —this solvent should be employed ; all the more so, 
as it can easily be obtained in a state of purity and free from acid; 
besides, it need not be dried beforehand. It should, however, be 
rectified carefully by means of a fractionating column, and all portions 
boiling above 80° C., or in some cases above .fiO" C., should be discarded. 
If necc.saary, it should be purified by shaking with a little concentrated 
sulphuric acid ; after .separation from the dark acid layer, the petroleum 
ether mu.st be washed with water until entirely free from acid; it is 

* Fi.scher ami Schellcns, Ze.iU.f. Unters. d. Auhrijs- u. (Jeauasrn.t 1908, xvi. 161. 

* Ohem. ZeiL, 1913, ZM. 

Withiregani to “ Bone Fats" cp. Vol. II. Cliap. XIV. 

* Cp. 0. Kamiiistcilt, Cke7n. Zeif., 1909, 94. 

* Hiilpliiir olive oil oxitliscfl aci<l« ; rliVras oxiilisud ncitls also miuiic special cou- 
sideratioii; see Vol. II. “Snlplmr Olive Oil." (■)). p. ‘28f). 
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best to distil it oil, so as to free it from any remaining high boiling 
substances, formed by the treatment with sulphuric acid. 

In the case of bone fats, Shukoff and Schestahoff^ showed that the 
choice of the solvent is not immaterial, as carbon bisulphide indicates 
less insoluble matter than does petroleum ether ; carbon bisulphide 
also extracts more lime soap in the hot than in the cold. Thus a sample 
of bone fat treated with hot carbon bisulphide and filtered rapidly 
gave 1-1 per cent of insoluble matter, whereas after cooling 6-5 per cent 
were obtained. 

If aconsiderable quantity of organic matter has remained on thefilter, 
the residue should be tested for soaps of the alkaline earths, metallic soaps 
(aluminium soaps, etc.), and starch. On treating the residue with mineral 
acids, the soaps are decomposed with liberation of fatty acids which 
remain on the filter, whilst the metals pass into the aqueous solution. 

Starch can be detected in the organic residue by the blue colouration 
it gives with iodine solution ; its presence is confirmed by microscopical 
e.xamination. It is important to note that on dissolving a fat in 
petroleum ether, etc., starchy matter is liable to retain some fat. Hence 
the amount of starch found does not coincide exactly with the weight of 
the dried residue. Konifj recommends, therefore (especially in butter 
analysis), to wash the residue, after exhaustion with etiicr, with cold 
water, in order to remove any water-soluble substances. The residue 
is rendered soluble by boiling with water, and is finally converted into 
gluco.se by heating with hydrochloric acid. The glucose may be 
estimated by means of Fehling's solution. 

Ethereal oils contained in some natural fats, as in nutmeg butter, 
arc best determined by di.stillation in a current of steam. On weighing 
the remaining dried fat, the quantity of essential oil will be found by 
difference. The distillate may be shaken out with ether, and the 
ether residue further examined. 

Naphtha in extracted greases (see Vol. III. Chap. XVI.) may be 
determined in the same manner, viz. by passing a current of steam 
through 50 or 100 grins, of the sample. Large quantities are best 
determined as described in Chapter VI. “ Unsaponifiable Matter.” 

Substances soluble in water (some, e.g. common salt, may be 
found on the filter) are removed from the tat liy shaking a large quantity, 
about 60-100 grins., with warm water, so as to melt the fat. The 
mixture is allowed to stand in a warm place until it has separated 
completely into two layers. Should the separation not be complete 
after a short time, or should part of the fat form an emulsion with 
the aqueous layer, addition of a little ether will be found effective in 
causing separation. The aqueous liquid is then removed by means 
of a separating funnel and examined. Any existing traces of sulphuric 
acid (left in the oil from refining operations) will be found in this aqueous 
layer, and are estimated by titration with standard alkali, using methyl- 
orange as indicator. Other substances present may be determined in 
the residue left on evaporation. 

At the seventh International Congress of Applied Chemistry, 
' Journ. Hoc. Chem. Ind., 1898, SO.'i. Chan, Revtit, 1898, 6. 
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London, 1909, Frank Tale submitted the following description of the 
methods adopted in his laboratory for the estimation of impurities 
in the most frequently occurring cases : 

Grease}< other than Naphtha Greases — Water .—50 grms. arc heated 
in a crucible on asbestos felt, or a sand-bath, over a low Bunsen flame, 
until all the signs of ebullition have ceased, and the fat is in a condition 
of calm fusion, without giving off vapour. Allow to cool and weigh; 
the loss multiplied by two gives the percentage of water in the sample. 

Total Naphtha- if Naphtha he present .—50 giuns. of the sample 
are placed in a flask, and steam is passed into tlie flask. The naphtha 
and steam passing off are condensed in an ordinary condenser, and 
the wliole collected in a graduated tube. The naphtha floats on the 
top t)f the condensed water, its volume is noted when the amount is 
constant, and the weight calculated from its specific gravity. 

The water in the presence of naphtha is estimated by heating 50 grms. 
of the sample in a crucihle on a sand-bath, or asbestos, as described 
above. The loss gives the amount of water in the sample and some, 
or all, of the naplttha. The grease is now remov'ed to a flask and dis¬ 
tilled with steam, and any na|)htha in the grease i.s condensed and 
measured, and its weight calculated from the specific gravity. 

The amount of naphtha obtained by this distillation dc<lucted from 
that obtained by tlic distillation for total naplitha gives the amount 
of naphtha which passed off with the water wlion the 50 grms. of the 
sample were heated in tlie crucible on the sand-bath ; this amount 
deducted from the total loss gives the water only. 

Lime-soap, etc .—10 grms. of the .sample (undried) arc treated with 
petroleum spirit (of 0-7<)0 sp. gr.) at a temperature of from 15-5^ C. 
to 20-’ C. (not Ingher). The insoluble residing is collccte<l on a tared 
filter paper and washed with petroleum spirit at the above temperature ; 
the last washings are te.stcd by evaf)oration for piesence or absence of 
fat, and the filter paper and insoluble residue i» dried at 212° Fahr. 
and weigheri; the result gives the “ lime-.wap ” and the “ dirt.” After 
weighing, the residue is treated with dilute hydrochloric; acid to decom- 
j)Ose the .soap; the fatty acid.s from the soap are eolieeted, weiglied, 
and calculated to tin; erjuivalent fatty anhydrides in the usual way. 

The remainder repre.sents the “ Mineral and other matters free, from 

fair 

It is advisable to ensure that none of the lime-soap has been dissolved 
by the petroleum .spirit at the temperature em|)loyed. Thus may be 
done by estimating t.he lime in the solution resulting from tbe treatment 
of the ‘‘ lime .soap and dirt ” with hydrochloric; acid after removal of 
the fatty acids as above directed. The amount of lime so obtained 
should agree with the lime a.seortained by igniting 10 grms. of tlie 
fat and e.stiniating the lime in the resulting ash. 


Determination of Fat in the Sample 

The determination of true fat in a sample i.s conveniently combined 
with the estimation of foreign substances (see above) by collecting 
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the filtrate in a tared flask, evaporating tlie solvent, and weighing the 
dried residue. 

If mucilaginous, starchy, or other solid substances are intermixed 
with the fat, the following process will be found more convenient and 
more reliable. The sample is intimately mixed with 4*6 times its 
weight of sand or, if water is retained tenaciously, finely powdered 
gypsum (previou.sly washed and heated), and dried at ItKf C. The 
mass is then transferred to an automatic extractor. 

The most convenient apparatus for the extraction of fat is the 
one devised by Soxhlet {Szoinhaihy) (Fig. 1). A modification of this 
apparatus, which is frequently preferred, being 
less liable to break, is shown in Fig. 2. 

The substance to be extracted is placed 
in a cartridge of filter paper, prepared by 
rolling filter paper round a cylindrical piece of 
wood of suitable size and folding it up at one 
end. The cartiidge is filled with the s\ib- 
stance and transfened to the extractor A. 

Care most be taken that the syphon tube be 
not stopped uj) by the paper case ; nor should 
the cartridge be filled to the top, lest some 
})articleB of the substance be washed over by 
the solvent and carried away. To l)e (piite 
safe, it will be found advisable t(» place a 
plug of (extracted) cotton-wool on the top of 
the substance, or to clo.se the top by folding 
the paper over it.^ The tube B is tlien fitted 
by means of a cork to a flask charged with 
about 50 c.c. of the solvent (petroleum ether, 
l ii;. 1 . ether, chloroform, etc.). Another portion of the solvent 
is .earcfulU'^ poured on to the substance in B, until it 
commences to run off through the syphon 1). Finally an inverted 
condenser is fitted to A, and the whole apparatus placed on a water- 
bath. As the solvent boils, the vapours pass through B and C into 
the condenser, and fall condensed on to the substance in the paper 
case. When the U(iuid has readied the level h, tlie solution syphons 
off automatically through 1), and A is emptied completely. The solvent 
is again evaporated and recoiidcnsod, and thus serves again for extract¬ 
ing, and so on. In this way tlic vessel A may ea.sily be filled and 
emptied twenty to thirty times within an hour. 

The choice of the solvent is by no means immaterial, and tlie general 
assumption that the selection of the solvent may be allowed to depend 
on the convenience of the operator must be considered erroneous. It 
is frequently found that one specific solvent does not extract the fat 
completely from every fat-containing substance. This is especially 

1 H. Bull iiiul H. Gregg {TiMuiff /or Krmi, 1912, 321) state that i» the extractiou 
of whale meal (also of cotton), ofc., the ether passes through the filter paper in preference 
to percolating the substance. They therefore recoinnieua to fix inside the cartridge of 
the filter paper a cylinder of sized writing paper. 
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noteworthy in the case of products of the animal organism such as 
meat, egg yolk, etc. (cp. Vol. II. Chap. XIV. “ Kgg Oil ” ; also Runui- 
gawa and Suto ^), and in the case of the fatty matter contained in the 
heart, liver, etc. Large amounts of lecithin (phosphatides) in these 
organs prevent on the one hand complete extraction with ether, on the 
other hand the ether extracts, in addition to fats, also other substances.* 
As a general rule, it may be stated that ether, carbon bisulphide, 
and carbon tetrachloride * dissolve all fatty substances present with 
equal facility. If strictly accurate results be required, it is always 
advisable to treat the extracted meal, etc., witli petroleum etlicr. 
(Cp. also Vol. II. Chap. XIII.) Thus petroleum ether does not dis¬ 
solve the oxidised acids of, e.g.y sulphur olive oil, degras, etc. (cp. 
‘‘ Sulphur Olive Oil ”); nor does it dissolve theobromine from cacao 
beans, whereas ether readily extracts this alkaloid together with the 
cacao butter. In other cases, as in dressings of textile fibres, stannic 
chloride is readily extracted both by dry ether and petroleum ether. 
Also aluminium, ferric, and stannous chlorides are di.s.solved by ether. 
Hence it is necessary to extract textile goods with water previous to 
extracting fatty substances. For 
the determination of fat in food- 
[ stuffs cp. E. Polenske* 

i When using the form of EoxhlcCs 

\ , extractor described above, there 

is always some doubt as to the 
it : I exact time when the extraction is 

I complete, and, as a rule, the opera- 

I tion lasts much longer than neces¬ 

sary, involving both loss of time and 
; ’ of solvent. To avoid this Lew- 

kowitsch ^ has a tap fitted on to the 
syphon tube, so that .some of the 
solvent can be withdrawn at any 
time to ascertain the progre.ss of extraction 
(Fig. 3). 

If the substance to be exhausted ha.s been 
collected on a filter, the .simplest plan is to fold 
^ the filter over the substance and place it at once 

in the extractor. 

Fruhling ® proposed a modified form of the Soxhkl extractor which 
admits of convenient handling for weighing before and after the ex- 

' BuKhe/n. Zeits., 1908 (8), 212 ; cp. Slnmidzu, VtuL^ 1910 (10), 237 ; Koch, Chon. 
ZfU., 1911, 1040. 

Hartley, Journ. of Physiol., 1907 (36), 17 ; E. Schulze, Zeit. f. angeio. Chem., 
1908, 112,5; Kahriou, ihid., 1909, 769. 

* Cp. E. F. Harding and L. !.(. Nyc, Jaum. Jrul. Eng. Chem., 1912, 895. in the 
extraction of fiecca carl>ou tetrachloride extracts in twelve hours I7 0-33'8 per cent more 
of fatty matter than does dry ether in 24 hours (A. I). Kmniett, Jimm, Amer. Chom. 
•Soc., 1909 (31), 693). Cp, also Clmpu.s, “ Analyse et dosage des inaticro.s grasses dana 
les feces,” Jmirn. de PJutrm. el de Chm., 1909, 301. 

* A^. a. d. Kais. (iesvwUt^Utimie, 1910 (xxxiii.), 663. 

® Journ. Chon. iSotf., 1889, 360. ® Journ, Zoc. Clum. hid., 1889, 608. 
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traction. The essential part of the apparatus, which serves for the 
reception of the sample, is shown in Fig. 4. It has the form of an 
ordinary filter-weighing bottle, differing only from it in that the bottom 
has a funnel-like shape. It is provided with a syphon, the longer limb 
of which passes through the bottom, where it is cut 
off aslant. The sides of A are continued beyond the 
protruding limb of the syphon, so as to allow of its 
standing in an upright position on the pan of a 
balance ; at the same time the tube is thus protected 
from breakage. The shorter limb of the syphon 
reaches to the bottom of the bottle, and in its upper 
part is provided with a bulb which serves to sever the 
column of the solvent when the bottle is taken out of 
the tube B (Fig. 6). This tube is the ordinary form 
of the Soxhlel extractor without its syphon tube, and 
serves for the reception of A. The upper part of B 
may be fitted with a carefully-ground stopper, to which 
is attached tube C. The whole arrangement and 
apjilication of the apparatus will be readily under¬ 
stood from a glance at the annexed figures. 

For the e.xtraction of substances at the boiling 
point of the solvent, F. K. Stock recommended a suit¬ 
ably modified extractor.* 

The number of modifications and improvements 
of Soxhlet’s ingenious apparatus is almost legion. A.s 
the above-described forms will be found suitable for 
most purposes, the reader must be referred for further 
information to the pages of the Journal of the Socieli/ 
of Chemical Industry, where a complete record of all 
l)roposed forms will be found. 

When the extraction is complete, the flask contain¬ 
ing the solution is detached from the extractor, the 
solvent distilled oil' on the water-bath, and the fat 
dried in an air-bath at a temperature not exceeding 
l(Xy’-110° C., until the weight remains fairly constant (cp. Chap. YIII.). 

The apparatus described above will also be found useful for the 
estimation of the fat contained in oleaginous seeds, oil-cakes, etc. 
Previous to the extraction, the .substances must be disintegrated to a 
fine powder, and, if required, dried at a suitable temperature (cp. 
Vol. II. Chap. XIII.). 

The drying and filtering of the fat is best carried out in a spacious 
drying oven provided with a thermostat (thermo-regulator). 

The drying oven may be one of the customary type of about the 
following dimensions: 10 inches high, 10 inches broad, and 6 inches 
deep. An apparatus the author had made with slight alterations after 
Sidmhy’s ^ design, consists of a jacketed cylindrical oven provided with 
a door having a thick glass plate and closing hermetically. Suitable 

* Jiijim. Hic. Ch£in. /ml., 1897, 107 ; op. also E. B. Waroeli, AmiJijst, 1906, 314. 

“ /hid., 1890, 967. 
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taps allow the drying to proceed in vacuo or in a current of dried air 
or of an indifferent gas, which can be aspirated slowly through the 
drying chamber. The space between the two cylinders may be filled 
with water or any other suitable liquid ; thus the desired temperature 
can be kept constant without attention for any 
length of time. 

Reichert's improved form of thermo-regulator ^ 
is shown in Fig. 6. It consists of a capillary tube 
enlarged at the bottom to a bulb c ,—in short, a 
thernmmeter, the top part of which is widened out 
as shown. The capillary branch tube is supplied 
with a screw S, by means of which the level of 
the mercury may be adjusted atwill. The gas-supply 
tube A is carefully ground into the upper part of the 
thermometer tube, and extends down to the joint of 
the stem. A has an opening at the bottom, and is 
also perforated with a small hole at a. The gas 
entering at A leaves the regulator at B. The 
thermostat is fixed, side by side with an ordinary 
thermometer, by means of a cork perforated with 
two holes, into a nozzle of the drying oven ; A is 
then connected with the gas-suj)ply, and li witli 
the gas-burner. The tube A must be adjusted in 
such a way that communication with B is estab¬ 
lished tlirough a, whilst S is screwed out of the 
tube sufficiently far to allow tlie mcn iiry to fall 
below the tapered part. The oven is then heated, and at tlie moment 
tlie desired temperature has been reached, 8 is screwed iiito tlu^ 
tube until the column of mercury just reaches the tube A. The 
exact moment is easily observed as the flame of the bunuu- becomes 
smaller. Gas i.s then su])plied to the burner through a only, until, 
in coascipience of the falling of the temperature in the oven, the 
mercury falls, thereby allowing an additional sup])ly of gas to flow 
through tlie lower end of A, which had been closed before by the 
mercury. With the rise of temperature tlie mercury expands, and 
again clo.ses the lower opening of A, tlius causing the temperature to 
fall, and so on. It is thus possible to keep the temperature constant 
within very narrow limits. In the case of the flame of the burner being 
too high for the desired temperature, even when gas passes through a 
only, the gas-supply must be diminished by slightly turning the tube 
thus partially closing the opening a. 

The screw S is usually cemented by the maker of the instrument 
with sealing-wax, which, however, easily melts, allowing mercury to 
ooze through the cork; care should therefore be taken to protect the 
wax from becoming overheated.® 

’ Cp. also the thermo-regiihitor made hy Kob k Co., Ohm. 1910, liri2. 

The principle underlying Reichert’s thernio-regvihitor, but avoiding tlie last- 
mentioned drawback, has been employed by Jierleiiionl, ep. Jnuni. Sor.. CVim. /?«/., 
1695, 821. Cp. eHpticially the improved Reichert thcniio-regulator described by R. 
Faader, Ohm. keit., 1913, 40. 
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Another objection to Reichert’s thermostat has been pointed out 
by J. W. Jantes,^ namely, that after short use—a few days or weeks, 
depending on the purity of the gas—the upper surface of the mercury 
becomes coated with a black powder (mercuric sulphide), which before 
long impairs the delicacy of the regulator. It then becomes necessary 
to take the apparatus to pieces for cleaning. James therefore designed 
a thermostat, making use of Reichert’s principle, in which the objection¬ 
able passing of the gas over the surface of the mercury is avoided. 
For the drawing of the instrument and instructions for use the original 
paper should be consulted. E. Eonlaim * replaces the horizontal tube 
of Reichert’s thermo-regulator (ending in screw S) by a tube bent up¬ 
wards at a right angle. 

Another thermostat, made entirely of metal and not containing 
mercury, has been described by Porges? 

In a laboratory provided with steam it is most convenient to connect 
the jacketed drying oven with the steam supply; a thermostat can 
then be dispensed with. 

If it is merely a (piestion of freeing a sample of fat from water 
and gross impurities for subsequent examination, the fat is best melted 
in a dish on the water-bath and kept in the melted state until water 
and dirt have settled out. The clear fat is tlien poured off through 
a dried filter, which absorbs the small quantities of moisture dissolved 
in the fat. 


Detection and Determination of Inorganic Substances 
In the Fatty Matter 

■ Oils and fats dissolve small quantities of water-soluble, as also of 
metallic, soaps. In “ boiled ” oils metallic soaps are present as a 
normal constituent. The presence of metals is readily ascertained by 
burning off a few grams of fat in a porcelain crucible; if a metal be 
present, a residue is obtained. As a rule the following may bo ex¬ 
pected : sodium and potassium hydrates, lime, alumina, and the 
oxides of iron, lead, copper, zinc, tin, and nickel (in the case of 
“ hardened ” fats). 

In the presence of alkali metals the residue dissolves in water and 
the solution has an alkaline reaction to htmus paper. Sodium and 
potassium salts are identified by applying the methods used in the 
analysis of soaps (Vol. III. Chap. XV.). 

If lime be suspected, the ash is treated with dilute hydrochloric 
acid. After filtering, the filtrate is tested with ammonium oxalate 
and ammonia. A white precipitate indicates the presence of lime. 
For the quantitative estimation of lime the precipitated calcium oxalate 

^ Journ. Soc. Cfuim. Ind., 1893, 225. ^ 

® Ann. chim. anali/t. appliq., 1911 (16), 62. 

* Zeiti. f. nnalyt, Vhem.y 1898, 212. Cp. also T. M. laowry, Jwrtu Ch^n. Soc.^ 
1906, i030, aud Zeils. f, Ckein, Ajiparatenkunde, 1906, i. 265, 281 ; cp. also German 
patent 248,047. 
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is allowed to stand in a moderately warm place for twelve hours; it 
is then filtered, dried, and the residue heated over the blowpipe until 
the weight of the calcium oxide remains constant. 

The .separation of other metals from an oil or fat i.s in mo.st cases 
bo.st effected by warming the sample in a flask on the water-bath with 
dilute nitric acid; the metals then pass into the acid liquid. In the 
case of tin, only a portion of the metal is thus extracted.* If tin 
be srispected it is advisable to fuse the sample with sodium 
carbonate and pota.ssium nitrate. In other cases a somewhat large 
quantity of the fat may be incinerated in a platinum dish (if lead be 
suspected, in a porcelain crucible). The resullin.g ash is then dissolved 
in a few drops of nitric acid, and the solution diluted with water. In 
some ca.ses it will be found convenient to dissolve the fat under examina¬ 
tion in ether, and to shake the ethereal solution with acidulated water. 

A j)ortion of the acid solution obtained by any of the lucceding 
methods is tested with sult)huretted hydrogen ; the presence of lead 
and (or) copper, or nickel is indicated by the a))pearuncc of a black or 
brown jireeipitate or colouration. 

Other portions of the solutitjn aie tested (1) with ))ota.s.sium ferro- 
cyanido (brown precipitate) or with ammonia (blue colouration) for 
copper(2) with sulphuric acid (white [rrecipitate) or with potas.sium 
chromate (yellow preeijiitate, soluble in potash) for trail. For the 
detection and c.stimalion of iron see below. Xiiir (t.aken up by oils 
and fats from galvani.scd packages) and ahitiiiiia are detected by the 
well-known methods of (piantitative analysis. 

Cojijier oxiik is sometimes intentionally added to oils in order to 
in\part to them a green colour. Edible fats (such as lard), when kept 
in copper or lead-glazed vessels, easily take iq) copper or lead on turning 
rancid. The (piantitative determination of llie.se two metals in edible 
oils and fats deserves, therefore, special attention. 


Qaaiditalire Dclernniinliim of Copper 

Weigh off accurately 10 to 20 grms. of the fat under examination 
in a ]ilatinum dish and incinerate. Dissolve the ash in a few drops 
of nitric acid, dilute with water, and filter into a beaker. Heat the 
solution nearly to the boiling point, add pure caustic soda or potash, 
and heat again for a few minutes. Filter off the black precipitate of 
copper oxide, dry, ignite, and weigh. 

Another method is to stir the warmed fat thoroughly with hydro¬ 
chloric acid, and pour the acid li(|uid through a filter; the tat is then 
washed several times with water, and the waahing.s arc added to the 
main portion. Next the solution is heated whilst a current of sulphur- 

1 J. A. Krnery, Tmiib/sb-lh Annual Repnrt nf the Rurmii. of Animal Industry^ 
1909. . 

The fl.-uiii: colour re.-iction for copper Ih ii.scIcsh (Vuiihcl, Cknn. Zi'it., 1910, 68.'i). 
,J. F. Hacher hiw shown tliat moist fata forniiuK earhoii monoxide, owing to incoinpleto 
coinlm.ation, give a green colouration wliich dry fats ilo not oxhiliit. Fats containing 
boric aciii or Iwrates give also the green colour [Oltem. Xeit., 1910, 811-1). 
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etted hydrofien is passed through it. The precipitated cupric sulphide 
is filtered off, washed with water coutaining sulpliurctted hydrogen, 
dried, mixed with sulphur, and heated in a porcelain crucible in a 
current of hydrogen. The copper is thus converted into cuprous 
sulphide, Cu^S. 


Quantitatii’e Determination of I^ead 

The lead is brought into solution as lead nitrate by one of the 
methods detailed above. Dilute sulphuric acid is then added, and the 
solution warmed on the water-bath until all the nitric acid has evapor¬ 
ated off. The remaining liquid is mixed with a little water and twice the 
volume of alcohol. After allowing to stand for a few hours the pre¬ 
cipitate is filtered off, washed with dilute alcohol, dried, and ignited. 
The filter must, of course, be incinerated separately. The resulting 
lead sulphate is calculated to lead oxide or lead. 

The following is a more rajiid, though le.ss accurate method :—Burn 
off several grins, of the fat in a tared porcelain crucible. The residue, 
consisting of a mixture of metallic lead and lead oxide, is weighed, 
and then treated with warm acetic ai'id to di.s.solve the lead oxide. 
The metallic lead is washed by decantation, and the crucible dried and 
weighed again, whereby the amount of metallic lead is found. The 
difference between the two last weights corre.sponds to the amount of 
lead oxide ; it is calculated to laid, and the quantity is added to that 
found tor the metallic leail. 

.4nother rapid method is to shake the ethereal solution of the tat 
or oil with dilute sulphuric acid, filter, ignite the precipitate, and weigh 
as keul sulphate.^ 

P. Schindler- found recently considerable amounts of lead in 
edible oils. Kxperiments made with non-rancid sesame oil showed 
that lead was rajiidly attacked. The source of the lead in the com¬ 
mercial edible oils was traced to iron storage vessels which had been 
coated inside with an alloy of lead and antimony. 

Detection and Estimation of Iron 

Iron appears to bo a normal constituent of the marrow fats of 
animals, and it would .seem that the marrow of young animals contains 
a higher amount of iron than that of old animals. The amount of iron 
in the marrow fat decreases with the age of the animal. Fats from 
other parts of the body, such as muscles, kidneys, cellular tissues, 
contain small ipiantities of iron. Traces of iron have also been found 
in cacao butter, in Japan wax, in beeswax, in .spermaceti, and in Chinese 
wax. Lecithin and cholesterol also tenaciously retain iron. The 
amount of iron found seems to stand in proportion to the quantity of 
lecithin present in the substances examined (IF. Glikin^). 

As a rule, the determination of iron is unnecessary, except in the 

^ Fresonius and Schattenfroh, yyitrn. Soc. Chem. Iiut.j 1895, 895 ; Zeits. f. andtyt 
Ckem., 1895 (34), 382. 

* Z^:Us,f. iijfena, Vhm., 1913, 132. ^ Berichte, 1908, 910. 
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case of oils used for dyeing purposes and for currying leather; these 
oils should bo free from iron. Alizarin oil (which usually contains 
from 15 to 20 per cent of free fatty acids), if kept in iron vessels, is 
especially liable to be contaminated, and the examination of Turkey-red 
oils for iron is therefore important. 

Emde ^ describes the following convenient method:—The oil is 
shaken in a graduated cylinder with water acidulated with sulphuric 
acid. A few drops of potassium fcrrocyanide are added, and the 
whole shaken up with a little ether. The oil dissolves in the ether, 
and forms a sharply-defined layer on the water. In the presence of 
iron a more or less dense layer of Prussian blue, containing all the iron, 
will appear on the border-line between the two liquids. Comparative 
tests with the same quantities of iron-free oil, water, acid, and potassium 
ferrocyanide admit of an approximate estimation of the amount of iron.^ 

For accurate estimation it is, of course, necessary to precipitate 
the iron as hydrated ferric oxide and weigh it as ferric oxide. 

DelecHon of Nickel 

The detection of nickel is of special importance in the case of “ hydro- 
genised ” (“ hardened ”) fats which are apt to retain traces of the 
nickel catalyst used in their preparation. The nickel is best detected 
by incinerating the fat under examination, dissolving the ash in hydro¬ 
chloric or nitric acid, and testing the solution with diacetyldioxime 
(dimethylglyoxime) (Tschyaeff^). An excess of acid sliould be 
avoided. The solution is neutralised with ammonia, a little diacetyl¬ 
dioxime in powder is added, and the solution boiled. If a notable 
amount of nickel is present, a scarlet precipitate is obtained; if only 
traces of nickel are present, the solution becomes yellowish, and a red 
precipitate separates on cooling. Thus even one part of nickel in 
2,000,000 parts of solution can be detected."* 

Other inorganic substances which may occur as impurities, or 
have been added intentionally, are sulphur, phosphorus, and chlorine. 
They are detected and estimated as follows 

Qtuditative Test for Sulphur 

Oils which have been extracted by carbon bisulphide may retain 
small quantities of sulphur. Some natural oils, such as those belonging 
to the rape oil group, are apt to retain some sulphur. 

Sulphur to the extent of 0-57 per cent has been found in the un- 
saponifiable matter of cotton seed oil. 

Sulphur is detected by saponifying the sample with caustic soda 

* Joum. *Soc. Che^n. Ind., 188S, 591. 

^ For the duterminatioa of iron in oleic acid with the aid of adrenalin aec Gnimond 
Harrison, Ph/irm. Joutji., 1907, 2.5, 181. 

> Beriditc, 1905, 2520. Cp. also Fortini, ('hew. ZeU., 1912, 1461. 

* Palladium also is imlicated by the “tliiuelhylKlyoxinie ” test (M. Wunder and 
V. Thiiringer, Zeit.f. analyt. CAcm., 1913,101). Although it is not likely that palladimn 
will be used commercially for bydrogeulsing oils, circumspection must be used in judging 
from B positive reaction. 
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or caustic potash, when sodium or potassium sulphide is formed. On 
adding to the soap solution an alkaline lead solution, a black or brown 
precipitate will he obtained. 

A rapid method to detect sulphur is to immerse a bright silver 
coin into the heated oil. In presence of sulphur the coin will become 
brown or black. 

Sulphuric acid or sulphonated oils (or their fatty acids) cannot 
be detected by the preceding methods. On washing the sample with 
water any snlphuric acid present passes into the aqueous layer, and is 
detected therein with the aid of barium chloride. Sulphonated products 
obtained by prolonged treatment of oils with sulphuric acid (see Vol. III. 
Chap. XV. “ Turkey-red Oils ”), must be first decomposed, either by 
boiling with hydrochloric acid or by fusing with caustic potash and 
potassium nitrate. 

For the determination of sulphur in sulphur olive oils see Vol. II. 
Chap. XIV. “ Olive Oil.” 

Quantitative Determination of Sulphur 

(а) Weigh off carefully a somewhat large quantity of the sample 
and saponify in a silver dish with alcoholic potash {Liebig). Boil 
down until the mass becomes syrupy, allow to cool, add a few sticks 
of pure caustic potash and some potassium nitrate—about one-eighth 
of the weight of the 
caustic potash — and 
&ally a few drops of 
water. Heat the mass 
carefully, with con¬ 
stant stirring—^using 
a silver stirrer—and 
raise the heat gradu¬ 
ally uutil the mass is 
fused and has become 
perfectly white. Then 
allow to cool, dissolve 
in water, and transfer 
to a large beaker, in 
which the sulphuric 
acid formed is pre¬ 
cipitated in the usual 
manner with barium 
chloride. In very 
accurate work it is 
preferable to boil out the heated barium sulphate with dilute hydro¬ 
chloric acid and to weigh again. 

(б) Allen^ proposes, for the determination of sulphur in oils, an 

I Anrdystf 1888, 43. Cp. the apparatus adopted by the Metropolitan Gaa Referees. 
In view of the fact that in some petroleums {Chm. Xeit., 1911, 1119) part of the sulphur 
compounds are not burnt up pari pasm with the oil, but remain behind, it is uecesaary 
to examine the oily residue ieft in A as well. 
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apparatus similar to that used for the estimation of sulphur in coal 
gas (Fig. 7). Five grams of the oil are mi,\od with 'I.') grms. of alcohol 
and burnt in the lamp A, which is fitted into the wider end of a curved 
adapter, e contains solid ammonium carbonate. The ga.ses pass 
through C into the condenser D, which is filled with wetted glass balls. 
The lower end of D is furnished with a glass stojr-cock h for drawing 
off the condensed liquid. A second condenser G is attached to D to 
condense the vapours escaping from D. The upper tubulure of G is 
connected with an aspirator to produce a slight draught. The flame 
should be a small one, and should be surrounded by wire gauze to 
prevent overheating. The li<|uid drawn from the condensers contains 
the sulphur as sulphite and sulphate; these are estimated by well- 
known methods. 

Similar contrivances have been described by Muhenj} by Ueuder,^ 
by Emjler^ by Kissliiig* and by Schnlz.^ 


Esliiimtioii of Phosplionis 

In order to estimate the amount of phosphorus in fats containing 
lecithin, the sample is .saponified witli alcoholic potash ; the alcohol 
evaporated off, the soap solution diluted with water and shalcen out 
with ether, in order to remove any cholesterol that may bo present. 
The soap solution is then decomposed by a mineral acid, and the fatty 
acids are separated from the acid liquor. The latter contains the 
phosphorus as glycero-phos|)horic acid (sec Chap. 111. p. 1!)3). The 
solution is boiled down to dryness and the residue fused with pota.ssium 
hydrate and potassium nitrate. The melt is then di.ssolved in water, 
the phosphoric acid precipitated by magnesia mixture, and weighed as 
pyrophosphate. By multiplying tiie I’^Gs found by llclGb, the amount 
is expre.ssed in terms of lecithin, C„If^Nl'0„. 

Tlic following table contains tlie ])roporlions of calculated lecithin 
in oils and fats :— 

^ ,/ourn. (JJii'iii. 1895, 19/. ” /bid., 1895, 828. 

a /bbl.y 1896, 388. 

♦ Ibid., 1896, 381 ; <;ii. also lleiiipel and Graitfc, Znti.f. an'j. Chem., 1904, 1616. 

•' ibid., 1913, 180. 


[Table 
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Oil or Fat. 

I’hosplioruH. 

Locitliiu 
calculated from 
i’liosplioru.s. 

ObHfervor. 

Liimccd .... 

Per cent. 

Per cent. 

0-33 

Jaeckle 

Poppy seed . 


0 

Hopkins 

Maizo .... 


1-49 

Sorghum 


0-23 

Andrejew 

Cotton seed . 


0-002.5-0-000 

Jaeckle 

Sesain6 .... 


0-005 

Tu’i’.lcr 

Wheat .... 

0-2.5 

6-5 (!) 

Peas ^ . . . 

1-17 

30-5 ( 0 

Rape .... 


0-11 

Jaeckle 

Almond.... 


0-03 


Arachis .... 


traces 

,, 

Kffl’ . . • • 


0-2 

Kitt 

Cod liver 


0-005 

Jaeckle 

Cacao butter . 


0-11 


Cocoa nut 


0-01 


Hare .... 


0-03 

,, 

Gooso .... 


traces 

,, 

Lard .... 


0-022-0-051 


,, American 


0-006 


Human .... 


0-073-0'084 

,, 

Beef tallow . 


0 083-0-073 

,, 

Mutton • 


0-01 

,, 

Butter .... 


0-000-0-014 

,, 

Bone Marrow, Horse 


1 -450 

Glikin' 

,, ,, Man. 


2-1 (!) 

,, 

„ ,, Young Pig 

... 

28-42(0 



It should, however, l)(; noted tluit it is not permissible, without 
fiirthcr investigation, to ealciilatc tljc phosphorus thus found to lecithin.'* 
Tlius, in the ease of linseed oil, a considerable amount of the pliosi)horus 
is present as calcium or magnesium phosphate. 

In order to determine phosphorus in phos])horised oil (see Vol. VIII. 
Chap. XV.) 5-10 grins, of the sample are dissolved in 100-2(X) c.c. of 
acetone ; by adding a 10 per cent silver nitrate solution the phosphorus 
is precipitated as silver phosphide. The preeipitatc is then filtered 
off and oxidised witli nitric acid. Tlie silver is precipitated with hydro¬ 
chloric acid, and the phosphoric acid determined in the filtrate by the 
well-known gravimetric metliods.’'^ 

Katz ® showed that this method is not exact and that the method 


> Cp. R Schulze, Xdts. f. physiol. Chnn., 1907 (92), 54 ; ibUl, 1908, 981 ; Zdts. /. 
unffe>i<. (Jhcin., 1908, 1125; cp. also Falirioii, ibiil., 1909, 709; Marcussou .and 
DoscIkt, Chan. ZeiL, 1910, 418. ^ Cp. A.. Maiuisse, lUnchnn. Zeits., 1900, 246. 

* Jliocheiii. Ziits.y 1907 (4), 235 ; fj). also Otolski, ibid., 1907, 124. 

* For the determination of lecithin and lecithin itrep.aiations cp. G. Feiullcr, Apoth. 
Zeit., 1905, No. 3 ; E. Schulze, CItem. Zeii., 1908, 981 ; M. Moiigi, IlnU. Chini. Farm., 
1909 (48), 763 ; W. Fresuniu.s and L. Griinhut, ZeUs./. an<ilyl. (hem., 1910, 90; 
I*. Salzmann, Apotk. Zeit., 1911 (26), 949; K. Virchow, Chan. Zeit., 1912, 906 ; 
.T. D Riedel, Chem. Zentralbl., 1912, i. 1794 ; J. C. Scliippers, Jiiochem. Zei/s., 1912 
(40), 189 ; P. Freundlcr, Bull. Hoc. dliim. de France, 1912 (11), 1041; K. Cohn, Zeit. 
f. iiffenil. Chan., 1913, B4. 

® Cp. Louise, Compt. rend., 1899 (129), 394 ; .louni. Pharin. Ckim. 10, 241, 
Friinkel, Pharm. Post., 1901 (34), 117. " Arch. d. Phann., 1904, 121. 
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proposed by Straub * (treatment of the phospliorised oil with an excess 
of a 5 per cent solution of copper sulphate, whereby a black copper 
phosphide is formed which is oxidised by pei’sistent shaking with air, 
so that the phosphoric acid may be determined in the solution by means 
of molybdate, in the usual manner) suffers from several inconveniences. 
The method proposed by Katz ^ is the following : 10 grins, of pho.sphor- 
ised oil are agitated in a separating funnel with 20 c.c. of a 5 per cent 
aiiueous copper nitrate solution until a permanent black emulsion, 
due to the formation of a copper phosphide (of the formula CujPj), 
is produced; 50 c.c. of ether are then added, and 10 c.c. of hydrogen 
peroxide solution arc entered in small portions, until the black emulsion 
is completely decolourised. The aqueous layer is then run off, and the 
ethereal layer shaken out three times successively with 10 to 20 c.c. 
of water; the united aqueous solutions are acidulated with a tew 
drops of hydrochloric acid and evaporated down to 10 or 20 c.c. on 
the water-bath. It required, the acid liquid is filtered and sufficient 
ammonia is added to redissolve the precipitate first formed. The 
phosphoric acid is then precipitated in the usual manner with magnesia 
mixture. 

In case the hydrogen peroxide employed contains jihosphoric acid 
(usually added to render it more stable), the amount of such phosphoric 
acid must be ascertained in a blank test. 

If the amount of oxidised phosphorus in a phospliorised oil be 
required, the oil mu.st be first extracted with water which has been 
saturated with carbon dioxide. The phosphorus is then determined 
both in the aqueous extract and in the phospliorised oil. 

Katz prepared a number of jihosphorised oils by jilacing dried 
phosphorus with oil in a bottle containing an atmosphere of carbon 
dioxide, warming the contents slowly in a water-bath until the jihos- 
phorus had melted, ami shaking the mixtures (in a shaking machine) 
for one to two hours. The amounts of dissolved phosphorus were 
determined by the above-described method with the following 
result: *— 


riiospli-triseiJ Oil 
t’riiin 

LitiHeiid oil . 
Poppy se<Mj oil 
SeMani6 oil . 
llajK) oil 
Almond oil . 
Arachis oil . 
Olivo oil 
Castor oil . 
Cod liver oil 


riioaplionis. 

I’t'i 

i-in 

MO 

l-OO 

MO 

M:t 

1-20 

1-085 

0-70 

M3 


' Arc/i. (1. VIhithi.^ 1903 ; op. also Zeits. f. uiion/. C'hem., 1903, 400. 

2 /hid,, 1904, 121. 

* For a criticiHiii of Katz’s method op. II. Kuell, P/uirm. Zeii., 1905 (50), 601. llio 
proctss propostfti by Knell has in its turn Im-wi criticised by K. JOipp, ibid., 1906, 621 ; 
cp. further, P. Jlolirisch, l^luirm. Zentrutbl.,\^(i\i (60), 19; O. Frey, /'Aam. Post, 1910 
(December). 
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Estimation of CUorine, Bromino, Iodine 

Fats bleached by means of chlorine are apt to retain small quantities 
of the bleaching agent. . 

Benedikt and Zikes ' determine small quantities of chlorine by 
allowing 25 grms. of the oil or liquefied fat to drop slowly from a separat¬ 
ing funnel into a combustion tube filled with lime. The estimation is 
then completed in the well-known manner employed in determining 
chlorine in organic substances. 

In the same manner bromine and iodine,^ which occur legitimately 
in brominated and iodi.sed fats, may be determined (cp. Vol. III. 
Chap. XV.). For the determination of bromine in ether-insoluble 
bromides see Chap. VIII. Tolman ^ u.scs Pringsheim’s method (see 
below) of oxidising with sodium peroxide in an iron crucible or in the 
bomb of a calorimeter. Any bromate formed is reduced by a con¬ 
centrated solution of sodium .sulphite. The bromide is then precipitated, 
after acidification with sulphuric acid, with silver nitrate. In order 
to prevent precipitation of silver sulphate the solution is made strongly 
acid with nitric acid. 

For a rapid method of detecting the presence of halogens, phosphorus, 
arsenic, and sul[ihur in organic compounds by means of sodium peroxide, 
see Fring.shcim, Berichte, 1904, 2155 ; cp. also Journ. Amer. C/iem. Soc., 
1904 (31), 386. 

' the. Chem. lad.. 1S91, 9S1. f]). Clmi. Revue, 1904, 280. 

^ Jvurn. liiif. and Emj. Vhem., 1909, 341. 



CHAPTER V 


PHYSICAL METHODS OF EXAMINING OILS, FATS, AND 
WAXES 

The examination of the physical properties of oils, fats, and waxes 
affords, in many cases, valuable informal ion, and lends imimrtant 
aid in the identihcation of sam])les, as also in the detection of adultera¬ 
tion. 

The specific grarilies of the oils, fats, and waxes, and their melting 
and solidifying points, especially those of their fatty acids, furnish, as 
a rule, the most valuable criteria. 

Thanks to the construction of handy apparatus, the determination 
of the refractive index has become one of the most frecpiently practised 
preliminary methods of examination for purity, and whenever the 
necessary apparatus is available it sliould be em[)Ioyed, as this method 
combines in many cases rapidity of observation with certainty of result. 

Examination for the presence of oplicallg active substam-es lias 
hitherto been somewhat neglected; liy this means it is, however, 
possible to identify rajmlly several fats {of a jioisonous cliaracter) as 
also to detect some adulterants with certainty. 

Microscopic examination has recently come more to the fore, and 
promises to offer great assistance in the detec-tion of mixed glycerides. 
Other optical methods,sucli wsspcctroscopic and coforio/c/rie examinat ion, 
may furnish valuable information in some cases. 

The behaviour of oils and fats with solvents often serves as a valuable 
confirmation of indications furnished by other tests. Considering the 
great similarity in the chemical composition of the individual oils and 
fats, it is indispensable to employ systematically a series of solvents 
(cp. Chap. XII.). 

In some case.s, e.specially in tlie examination of lubricating oils, the 
determination of the viscositg and the determination of the flash point 
will prove of assistance. 

A number of other physical properties and their determination will 
be referred to for the sake of completeness, although these determina¬ 
tions can hardly be carried out in an ordinary analytical laboratory. 

The physical properties, and tlie methods of determining them, 
will be described under the following heads in tlie order of their import¬ 
ance from an analytical point of view, i.e. in the order of their utility 

•m 
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for the identification of individual oils and fats and the recognition of 
their purity :— 

1. Specific Gravity. 

2. Melting and Solidifying Points. 

.3. Refractive Index. 

4. Rotatory Power. 

.9. Microscopic Appearance (Micrography). 

6. Spectroscopic Examination. 

7. Colorimetry. 

8. Viscosity. 

9. Solubility. 

10. Electrical Conductivity. 

11. Calorimetric Examination—Specific. Heat. 


Other physical methods, such as the determination of diffusion 
coefficients,! capillary analysi.s,2 cryo,scopic determination,® dilatability,^ 
are not described in detail here, as they do not furnish at present more 
decisive results than can be obtained by less complicated methods. 
Some other physical methods, such as the determination of cohesion 
figures,® emulsifying powers, miscibility curves,'* etc., being entirely 
useless for practical purposes, are omitted. 


1. Speeifle Gravity 

The specific gravity of the li(|uid fats and waxes may be ascertained 
at the ordinary tempeiature by the well-known methods adopted for 
any other liijuid, viz. by means of a hydromctei', picnometer, or the 
hydrostatic balance. 

It should hardly be necessary to emphasise here the importance 
of ascertaining the accuracy and delicacy of the hydrometer to be 
used. The readiest indications will be obtained by means of hydro- 
metcr.s referring to the density of water, whilst the u.se of TwaddelVs 
hydrometer involves a (.-alculation, simple though it be. 

On the Continent and in America various hydrometers, based on 
an arbitrary scale, are u.sed in commerce and are still employed by 
custom-house officials. These hydrometers, gauged for a definite 
temperature, express the densities in “ degrees ” ; the true specific 
gravities s can be calculated by means of the subjoined table, n denoting 
the number of “ dcgrec.s.” It should, however, he pointed out that 
there are a number of different Baumc hydrometers in commerce (no 

‘ Zaloziecki, Cheai. lief., 1891, 220, 229. 

Bmcomiot in 1815. Goppolsrovtlcr, CapiUaranahjse, Balt*. 1901, ainl Anregung 
zuin Studium der Capillaranalyse^ Bale, 190(>. Cp. also Chan. Zeit., 1909, 1333. 

® Robertson,/wftrn. Vheni. 1903, 1425. Soc. Chini. de t'nince, 

1909, 425 (cp. Biittar Fat, Vol. II. Chap. XIV.). 

^ Tltoruci’, Xeits. J\ (Jhevi. AiipamU nk unde, 1908, 13,5. 

® Cp. niyelin*fornis. A. Mtillor, Allgemeim C/teuiie der KoHoide, 1907, p. 88. 

“ Cp. E. Louis, (Jompt. rttid., 1909 (149), 284. 
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less than 36 different scales), so that due allowance must be made for 
deviations from the actual standard used by Baume. Baume’s starting- 
points were pure water and a 10 per cent salt solution which, according 
to Gerlach, has the specific gravity 1'07335 at 15° C. and 1'07311 at 
17'5° C. {Chandkr gives 1'0737665 for the temperature 12'0° C.) 

145 

In the United States of America frequently the formula s = zr^— 

^ 135-n 

(at 60° F.) is used in place of the formula given in the following table:— 

s = , r„-!r— for liquids heavier than water. 

140 

The American formula s =, employed for liquids lighter than 
130 + n ‘ ^ ” 

water lead.s to 1'0769 as the specific gravity of a 10 per cent salt 
solution. 

The tables given on the following pages .should, therefore, be used 
with discretion. The table for “ liquids lighter than water ” given on 
page 303 is based on the American formula. 

It must, tliereloro, be understood that the true specific gravities 
calculated from the formulic given in the table do not always coincide 
with those determined in a direct manner. 






Hjtdrotneter. 

TemperstuTtt. 

For Liquids heavier 
than Water. 

For Liquids IlKhlnr 
than Water. 

Balling . 

17-6*0. 

200 

'^200-» 

200 

’~206 + n 


12'S’ C. 

144 


Baum41 . . 

* I44~n 

5- 

134+n 


IfC. 

144-3 

144-3 

Baumi II . . 

*“i44-3-7t 

’“134'3 + n 



140-78 

140-78 

Baumilll . 

17'C*C. 

* I4t)-78-n 

’“I3ti'78 + n 



170 

170 

Beck . . 

12 ' 6 ' a 


’ 170 + n 

BrU . . . 

/12'5' R. 

115'625' a 

400 

*“'40b-« 

400 

400+ » 

(Artier . 

12'6' 0. 

186-8 

*“126-1-n 

180-8 

*“l20'l+n 

Fischer 

112'6* R. 

116 '626" a 

400 

* 400-n 

400 

■’ 400 + a 

Oay Lussac. 


100 

_100 

i'C. 

|=s - - 

n 

n 

E. 0. Greiner 

/12'5’R. 

115'625'' C. 

400 

400 - n 

400 

* 4004 n 

Stoppaui 

/12'6' R. 
tl6'e25‘C. 

160 

'~166-n 

166 

* 166+ n 



1.100 

100 


TwtddeU . 

... 



Hydrometers should only bo employed where rapidity is of greater , 
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importance than accuracy. In such cases the following tables will be 
found useful:— 


Comparison of the Hydrometer Degrees, according to Baume and 
I'waddell, with Specific Gravities 


Haume. 

Twnddcll. 

S|W'cillc 

Onivity. 

IJaumi. 

TwafMell. 

SpcfUfiC 

(iravity. 

Baum6. 

Twaddell. 

•Specific 

Gravity., 

0 

0 

1-000 

0-7 

10 

1 -050 

13-6 

21 

1-105 

0-7 

1 

1 -OOfi 

7-0 

10-2 

1 -052 

14-0 

21-6 

1-108 

1-0 

1-4 

3 -007 

7-4 

11 

1-055 

14-2 

22 

1-110 

14 

2 

1-010 

8-0 

12 

1-060 

14-9 

23 

1-115 

2-0 

2-8 

1-014 

8-7 

13 

1-065 

15-0 

23-2 

1-116 

2-1 

3 

1-015 

9-0 

13-4 

1 -067 

15-4 

24 

1-120 

2-7 

4 

1 -o-io 

9-4 

14 

1-070 

16-0 


1-125 

3'0 

4-4 

1 -02-2 

10-0 

15 

1 -075 

16-5 

26 

1-130 

3-4 

5 

1 -0-25 

10-6 

](> 

1-080 

17-0 

26-8 

1134 

4-0 

5-8 

1-029 

11-0 

16-6 

1-0S3 

17-1 

27 

1-135 

4*1 

6 

1-030 

11-2 

17 

1 -085 

17-7 

28 

1-140 

4-7 

7 

1 -035 

11-9 

18 

1 -090 

18-0 

28-4 

1-142 

rro 

7-4 

1 -037 

12-0 

18-2 

1 -091 

18-3 

29 

1-145 

5-4 

8 

1-040 

12-4 

19 

1-095 

18-8 

30 

1-150 

6-0 

9 

1-045 

13-0 

20 

1-100 

19-0 

30-4 

1-152 


[Table 
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Conifanson of the Hydrometer Degrees, according to Baume and 
TWaddell, with Specific Gravities—continued 


BaufliA 

Twaddoll. 

Njiocilic 

Gravity. 

Ituuiiic. 

Twaddell. 

Sjwoilic 

Gravity. 

liamne. 

Twiuidcll. 

Specilic 

(iiavity. 

19-3 

31 

1’155 

37-8 

71 

1-355 

51-5 

Ill 

1 -5.55 

19-8 

32 

1-160 

38-0 

71-4 

1-357 

51-8 

112 

1-560 

20-0 

32-4 

1-162 

38-2 

72 

1-360 

52-0 

112-6 

1-563 

20-3 

33 

1-165 

38-6 

73 

1-366 

52-1 

113 

1-565 

20-9 

34 

1-170 

39-0 

74 

1-370 

52-4 

114 

1-570 

21-0 

34-2 

1-171 

89-4 

75 

1-375 

.52-7 

11.5 

1-575 

21*4 

35 

1-175 

39-8 

76 

1-380 

53-0 

116 

1-680 

22-0 

36 

1-180 

40-0 

76-6 

1-383 

53-3 

117 

1 -585 

22-5 

37 

1-185 

40-1 

77 

1-385 

53-6 

118 

1-590 

23*0 

38 

1-190 

40-5 

78 

1-390 

53-9 

119 

1-595 

23-5 

39 

1-195 

40-8 

79 

1 -395 

54-0 

119-4 

1-597 

24*0 

40 

1-200 

41-0 

79-4 

1-397 

51-1 

120 

1-600 

24-5 

41 

1-205 

41-2 

80 

1-400 

54-4 

121 

1 -605 

25-0 

42 

1-210 

41-6 

81 

1-405 

54-7 

122 

1-610 

25*5 

43 

1-215 

42-0 

82 

1-410 

55-0 

123 

1-615 

26*0 

44 

1-220 

42-3 

83 

1-415 

55-2 

124 

1-620 

26-4 

45 

1-225 

42-7 

84 

1-420 

: 5 

1-25 

1-625 

20-9 

46 

1-230 

43-0 

84-8 

1 -424 

i 55-8 

126 

1-630 

27-0 

46-2 

1-231 

43-1 

85 

1-425 

56-0 

127 

1 -635 

27-4 

a 

1-235 

43-4 

86 

1-430 

56-3 

128 

1-640 

27'9 

48 

1-240 

43-8 

87 

1-435 

66-6 

129 

1-645 

28-0 

48-2 

1-241 

44-0 

87-6 

1 -438 

66-9 

130 

1-650 

28-4 

49 

1 -245 

41-1 

88 

1 -440 

57-0 

130-4 

1 -652 

28-8 

50 ■ 

1-250 

44-4 

89 

1-445 

67-1 

131 

1 -6.55 

29-0 

50-4 

1-252 

44-8 

90 

1-450 

57-4 

132 

1-660 

29-3 

61 

1-255 

46-0 

90-6 

1-453 

.'•.77 

133 

1-665 

29-7 

52 

1-260 

45-1 

91 

1-455 

57-9 

134 

1-670 

30-0 

52-6 

1 -263 

45-4 

92 

1-460 

68-0 

134-2 

1-671 

30-2 

53 

1-265 

45-8 

93 

1-465 

58-2 

135 

1 -675 

30-8 

54 

1-270 

46-0 

93-6 

1-468 

58-4 

136 

1-680 

31 0 

64-8 

1-274 

46-1 

94 

1-470 

58-7 

137 

1-686 

31 *1 

55 

1-275 

46-4 

95 

I -475 

58-9 

I.-18 

1-690 

81*5 

56 

1-2S0 

46-8 

96 

1-480 

59-0 

138-2 

1-691 

32 0 

67 

1-28.5 

47-0 

96-6 

1-483 

59-2 

139 

1-695 

S2-4 

68 

1-290 

47-1 

97 

1-485 

59-5 

140 

1700 

32-8 

59 

1-295 

47-4 

98 

1-490 

59-7 

141 

1-705 

38*0 

59-4 

1-297 

47-8 

99 

1-495 

60-0 

142 

1710 

33*3 

60 

1-300 

48-0 

99-6 

1-498 

60-2 

113 

1-715 

337 

61 

1-305 

48-1 

100 

1-500 

60-4 

144 

1-720 

840 

61-6 

1-308 

48-4 

101 

1 -505 

60-6 

145 

1-725 

34*2 

62 

1-310 

487 

102 

1-510 

CO-9 

146 

1-730 

34*6 

63 

1-316 

49-0 

103 

1-515 

01-0 

146-4 

1732 

35*0 

64 

1-320 

49-4 

104 

1 -520 

61-1 

147 

1-735 

35*4 

65 

1 -325 

49-7 

105 

1 -525 

61-4 

148 

1-740 

35*8 

66 

1-330 

50-0 

106 

1 -.530 

61-6 

149 

1-715 

36-0 

66-4 

1-332 

50-3 

107 

1 -.535 

61-8 

150 

1-750 

36-2 

67 

1 -335 

.50-6 

108 

1 -540 

62-0 

150-6 

1 -753 

36 6 

68 

1-340 

50-9 

109 

1 -545 

62-1 

151 

1 -755 

37*0 

69 

1-346 

51 -0 

100-2 

1 -546 

62-3 

152 

1-760 

37*4 

- 

70 

1-350 

51-2 

110 

1-550 

62-5 

153 

1-705 
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Comparison of the Hydrometer Degrees, ueeonling to Baume and 
TwaddcU, until Specify Gravilks—continued 



Twiiddoll. 

Slieciftt 

Oravity. 

j 

! Bauiii6. 

Twaddfll. 

.speci/ic 

Gravity. 

Buume. 

Twaddfll. 

Specific 

Gravity. 

G*2-8 

154 

1770 

1 65-0 

164 

1-820 

67-0 

173 

1-865 

63-0 

1J)J> 

1 775 

i 65-2 

165 

1 -825 



63*2 

156 

1780 

j 65-5 

166 

1-830 




63 Ti 

157 

1785 

1 657 

167 

1-835 




637 

158 

1790 

1 65-9 

168 

1-840 




64-0 

159 

1 795 

66-0 

168-1 

1-842 




64-2 

160 

1-800 

! 66-1 

169 

1-845 




64-4 

161 

1-805 

; 66-3 

170 

1-850 




(54-6 

](i2 

T810 

66-5 

171 

1-855 




64-8 

163 

1-815 

, 66 7 

; 

172 

1-860 





Degrees Bainiii,^ for Liquids tighter than Water at 15'5’ C. = 60" F. 


11 

cn 


I'i 

Specilic 

Gravity. 




'^1 


Specific 

Gravity. 

10 

1-0000 

24 

0-9090 

38 

0-8293 

51 

0-7734 

64 

07216 

11 

0'9929 

25 

0-9032 

39 

0-8-284 

52 

0-7H92 

65 

07179 

12 

0-9859 

26 

0-8971 

40 

0-8235 

53 

0-7650 

•66 

07142 

13 

0-9J90 

27 

0-8917 

41 

0-8187 

54 

0-7608 

67 

07106 

14 

0-9722 

28 

0-8860 

42 

0-8139 

55 

0-7567 

68 

0-7070 

15 

0-9655 

29 

0-8805 

4.3 

0-8092 

56 

0-7526 

69 

0-7035 

16 

0-9589 

30 

0-8750 

44 

0-8045 

57 

0-7486 

70 

0-7000 

17 

0-9523 

31 

0-8695 

45 

0-8000 

58 

07446 

75 

0-6829 

18 

0-9459 

32 

0-8641 

46 

0-7954 

59 

0-7407 

80 

0-6666 

19 

0-9395 

33 

0-8588 

47 

0-7909 

60 

07368 

85 

0-6511 

20 

0-9333 

34 

0-8536 

48 

07865 

61 

0'732<i 

90 

0-6363 

21 

0-9271 

35 

0-8184 

49 

07821 

62 

0-7290 

95 

0-6222 

22 

0-9210 

36 

0-8433 

50 

0-7777 

63 

07253 

100 

0-6087 

23 

0-9150 ! 

87 

0-8383 








Tlio specific gravity is usually determined by means of a picnoineter 
of one kind or another. Of these the ordinary specific gravity bottle, 
consi.sting of a ))lairi flask with a .stopper having a capillary perforation, 
will be found ii.seful for commercial work; with care, even the fourth 
decimal cun be determined accurately. 

A high degree of accuracy is obtained with Spreiigel's picnometer 
(Fig. 8). This is a U-tube made of thin glass, ending in two capillary 
tubes a and b bent at right angle.s and ground at their ends, so as to fit 
into two glass caps (the latter are not sliown in the figure). The inner 
diameter of tube h, bearing the mark m, is about 0-5 mm., whilst that 
of tube a is less, and should not exceed 0-25 mm. This point should 
be noted, as this essential feature of the Sprengel tube is lost sight of 


C|i. p. 300. 
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by some makers. The tube is filled by connecting a ^^ith a glass bulb, 
and aspirating the air with the aid of india-rubber tubing, whilst b is 
Q immersed in the oil under examination. If 

c m i ^’**'*^ sufficiently large, the 

SBisA > Sprengel tube will be filled automatically on 

1 closing the india-rubber tubing with the fingers. 

! . As soon as the oil enters the bulb, the Sprengel 

\ tube is detached from it, and the picnometer 

j allowed to assume the desired temperature (see 

below). The liquid expands or contracts in the 
tube, b onhj, t.e. in the direction of the least 
resistance, whilst the capillary tube a always 
remains full. If the meniscus of the liquid is 
found to be beyond the mark »«, a little oil 
can be abstracted by means of a roll of filter- 
j paper applied to the end of a ; it, however, the 

tube contains too little, a may be touched with 
! , , n glass rod which has been dippe<l into the oil, 

\ J)' when some oil is drawn in, the li(|uid moving 

Fi 8 ward in the tube b. In this manner the 

volume can be adjusted easily. Finally, the 
two glas.s caps arc put on the tubes a and b ; the picnometer is then 
ready for weighing. 

It the weights found be reduced to weights in vacuo, the specific 



Fix 


gravity will be correct to the fourth dedmal, the error only affecting 
the fifth decimal. So high a degree of accuracy is but rarely require^ ; 
in the commercial examination of glycerin, however (cp. Vol. III. 
Chap. XV.), the Sprengel tube is frequently employed. 
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Mohr's (hydrostatic) balance is not so accurate, but still quite 
satisfactory for ordinary purposes, and is largely used on account of 
its convenience. One form of this instrument is shown in Fig. \), which 
requires no further explanation.^ The plummet, it may be added, 
displaces exactly 10 c.c., and therefore the weights put on the lever to 
restore equilibrium give exactly the weight of 10 c.c. of the substance. 
Thus all calculation is .avoided, the specific gravity being read direct 
from the weights used. 

For the determination of the specific gravity of viscou.s olls^ (such 
as boiled oils) at the ordinary temperature, the pknometer described 
by Bruhl (Fig. 10) is useful. A pipette containing the viscous substance 
is inserted air-tight in the flask by means of an india- 
rubber tube, and the flask is exhausted by connecting 
the side tube with a filter pump.® 


In specific gi’avity determinations, care must be 
taken that the temperatiire throughout the entire 
mass of the oil be the same. It will be found best, 
after having brought the oil to the standard tem¬ 
perature, to keep it for some time—ten minutes at 
least —in a sufficiently large water-bath having the 
same temperature. Tim temperature sho>ild bo 
observed by means of an accurate thermometer. 

The standard temperature in this country is 00"^ F. — 

15-5'^ C. 

Tlie wciglit of the oil sliould be compared with that of an e({ual 
volume of water taken at the same temperature. It is customary 
to consider the weight of that volume of water at 15*5° C. as unity. 
In exact work the weight sho\dd be rcdiUHal to that in vacuo and referi-ed 
to water at 4" C. (cp. Vol. III. Chap. XV. “ Glycerin Manufacture ”). 

If the quantity of tlm sample is too small to fill a picnometcr, the 
specific gravity may be deduced from that of a dilute alcohol, in which 
a drop of the oil will just float (cp. p. 308). 

E. Bellmer ^ suggests the following modus operandi :—Flacc a drop 
of oil in 2 c.c. of 08-90 per cent alcohol, and add carefully, drop by drop, 
distilled water from a burette until the drop of oil just commences to 
float in the dilute alcoliol. 

In the following tabic, due to Belhner, the specific gravity can be 
found from the amount of water added, provided that the “ titration ” 
is being carried out at 15" C. 

^ Cp. Tluinier, Journ. !^oc. Chon. Ind., 1895, 44 (Illiislration). 

Witl> regard to the determination of the specilie gravity of viscous petroleum oils 
cp. J. M‘Coniiell Sanders, Proceed. Chon. Sac., 1911, 2.'i0. 

^ For a moiiitictttion of this apparatus cp. L. v. Kreybig, CVicm. Zeit., 1911, 1120. 

* Chon. ZeiL, 1911, 997. 



Fig. 10. 


[Table 
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Water. 

Kpeeitle 

Gravity. 

1 Water. 

1 i-.c. 

Hjwcific 

Gravity. 

Water, 

c.c. 

If 

Water. 

C.C. 

Bi>eciflc 

CJravity. 

01 

0-8178 

M 

0-9050 


0-9370 

3-1 

0-9537 

0-2 

0-8331 

1-2 

0-9091 

2-2 

0-9397 

3-2 

0-9548 

0-3 

0-8450 

1-3 

0-9133 

2-3 

0-9417 

3-3 

0-9558 

0-4 

0-8503 

14 

0-9173 

24 

0-9430 

3-4 

0-95C8 

0-5 

0-8078 

1-5 

0-9209 

2-5 

0-9453 

3-5 

0-0577 

0 « 

0-8739 

1-0 

0-9243 

, 2-0 

0-9409 

3(i 

0-9587 

0-7 

0-8812 

J-7 

0-9273 

1 

0-9485 

3-7 

0-9595 

0-8 

0-8880 

1-8 

0-9301 

1 2-8 

0-9499 

3-8 

0-9003 

0-0 

0-8940 

1-9 

0-0329 

1 2-9 

0-9512 

3-9 

0-9010 

10 

0-8995 

2-0 

0-9353 

f 3-0 

0-9525 

4-0 

0-9617 


Obviously, tlie detenniiiatioii o{ tlio specific gravity of fats and 
waxes which are semi-solid at the standard temperature, leads to 
complications and diflicultics (see below), which are avoided by adopting 
as the standard a temperature at wliich the substances are fluid. Bell, 
as also Muter, somewhat arbitrarily proposed the temperature of 100° F. 
= 37-75° C., whilst others prefer tlie temperature of boiling water. 

For correct determinations at elevated temperatures it is best to 
use a Spretujel tube. The tube is immersed in boiling water in such 
a manner that only the ends of the capillary tubes protrude. After 
about twenty minutes’ boiling the glass caps are jdaced on the tubes,* 
the i-iprengel tube is removed from the water-bath, wiped dry, and 
weighed after cooling. The weight of the fat may be referred to the 
weight of water at the boiling point, or, as is done by juost observers, 
to the weight of water at 15-5° C. The unity chosen must, of course, 
be distinctly .stated. For scientific purposes water at 1° C. should be 
taken as unity. 

The employment of the hydrostatic balance at higher temperatures 
necessitates the use of a somewhat coniplicated arrangement. The 
balance recommended by Bell is shown (partly in section) in Fig. 9. 
It is designed for the temperature of 100° F. D is a glass tube containing 
the sample of fat; C is filled with paraffin wax, and is surrounded by 
the water-jacket Jh 

In cases where, for .some special reason, neither the temperature 
of 15-5° 0. nor 100° C. can be employed, a correction must be made, 
which depends on the coefficient of expansion of the particular oil 
under examination. Allen ^ determined the rate of expansion of a 
number of oils and fats, by taking their densities at 98° C. and 15-5° C., 
and dividing the difference of these densities by the difference of the 
temperatures. Thus he obtained the correction to be made for a 
variation of 1° C. Although this method is not scientifically correct, 
ina.smuch as it rests on the assumption that the rate of expansion does 
not vary between 15-5° C. and 98° C. [the mean coefficient of expansion 
differs from the true one as the quotient of differences from the differ¬ 
ential quotient], the values obtained by Allen will satisfy practical 
requirements. The correction for 1° C. was found to vary for seventeen 


* Commercial Organic AnalyiU, ii. 19. 
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kinds of fat between the limits 0*000616 and 0*000665. Only whale oil 
(two samples of which had been examined many years ago wh'en 
commercial whale oil was a much more impure article than it is at 
present) showed apparently an abnormal rate of expansion, the correc¬ 
tions given by A. H. Allen and C. M. Wetkerill being respectively 
0*000697 and 0*000722. These values, therefore, reqiure verification 
with such specimens as are at present readily obtainable in commerce. 
Allen proposed to take as the mean correction for one degree Celsius 
0*00064 (or for one degree Fahrenheit 0*00035). If the density of 
an oil be 0*9207 at 22“ C., its density at 15*5° C. is as follows:—The 
difference of the temperatures is 22-15*5 = 6*5; hence the correction 
6*5x0*00064 = 0*00416. This added to 0*9207 gives 0*92486 as the 
specific gravity at 15-5° C.^ 

The coefficient of expansion of an oil may also be found by the 
“ picnometric method ” by dividing the correction for one degree of 
temperature by the specific gravity of the oil at the low*er temperature. 
It should, however, be borne in mind that the volume of the picnometer 
varies with the temperature, and that it is therefore necessary to make 
a correction for the expansion of the glass. 


For the determination of the specific gravity of solid fats and 
waxes, it is convenient to use a temperature at which they are liquid, 

* C. H. Wright {Jmm. Soi\ C/iem. Ind., 1907, 26, calculated the numerical 

value of the approximate niodnliis of expansion, m, for the temperature correction applic¬ 
able to tlie specific gravities of all oils, fats, and waxes, from the data determined by Allen. 
If S,„ S,, and represent the specific gravities (water at 15'5° C. = 1) of the same oil or 
fat at 0", I", and '1’® 0. respectively, then we have : Sj = S„(l St = S„(1 -wT). 

On dividing the first equation by the second we obtain J The mean value for 

m in the case of the thirty oils, fats, and waxes examined by Allen is 0*000718. Hence 
S,/St = 1 -0-000718//1 - 0-000718T ; and for / = 15*5" 0. 


S15*5 = St 


0*988871 
1 -0000718 


The following table shows the value of this factor for each degree from 10" to 25® C., 
hence the specific gravity determined at a temperature other than 15*5® C. may be 
rapidly conected to 15*5" 0.:— 


At'C. 

Factor. 

At ’C. 

Factor. 

10 

1 

i*oo:ws) 

IS 

100177 

11 


10 

1*00*248 

1*2 

f*utHi§ 

20 

1*00310 

13 

1*00177 

21 

1 -00301 

14 

r-ooioe 

•2*2 

1*00462 

15 

1-00037) 

23 

1*00584 

K) 

i-ooua.*) 

24 

100005 

17 

1 00100 

25 

1-00677 
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e.g. 100° C. Ointl’s * picnometcr, shown in Fig. 11, may be used for 
dctermination.s at the ordinary temjicraturc. It consists of a small 
cylindrical, flat-bottomed 
vessel, I, made of very thin 
glass and provided with a 
ground - glass cover. The 
vessel fits into the frame a 
(Fig. 12), the screw h serving 
to pre.ss the glass cover tightly 
on the cylinder. The vc.ssel 
is weighed first empty and 
then filled with water at the 
standard temperature. After 
emptying the water and drying 
carefully, I is completely filled 
with the melted fat, and 
allowed to cool to the standard 
temperature. The glass cover 
is then carefully placed on I, 
so as to sipieeze out the surplus 
fat, and is secured in its 
position by means of the screw. The fat on the outside is carefully 
I'cmoved with the aid of ether and the ves.sel weighed again. 

Another method, proposed originally by Fresetiius and Schulze, will 
be found useful in the ca,sc of wa.xes. It is best employed in the form 
given it by Cliallawnij and Allen.- The wax is melted on a watch-glass 
placed on boiling water, and small pieces are cut from the spontaneously 
cooled ma.ss.2 They are brushed over with a wet brush in order to 
remove adlierent air-bul)bles, and carefully placed in dilute alcohol by 
means of a pair of forceji.s. It is convenient to keep a set of standard 
mixtures of alcohol and water having specific gravities of 0-960, 0-961, 
0-962, and so on up to 0-970 at 15-5° C. That lirpiid in which the wax 
globules will just float has the same specific gravity as the sample. 

A somewliat complicated apparatus for the determination of the 
densities of soft fats was propo.sed by Zawalhiewicz.* 

Instead of determining the specific gravity by weighing a definite 
volume according to the equation (where d denotes the density, 
m the weight, and ® the volume), Zaloziecki ^ proposed to measure 
the volume of the fatty acids derived from a known weight of fat. 
Evidently this is no new constant, as from the formula just given, it 
follows that v = '", and no further information is gained than that 
afforded by the determination of the specific gravity of the fat. The 
volume of the fatty acids is referred to the weight of fat, and it becomes 

^ IHrujl. 1869 (194), 42. 

Coiimercud Organic Analyaia^ 1830, ii. 184. C-p. al.fo A. Lissner, Chem. Zdt.^ 
1910, 657. 

^ Tlie Gftrman Pharmacopo i.a directs to form npl)er«.s of the waxes. Cp, E. Richter, 
Apulheker Zed., 1911 (26), 187 ; G. Fronune, iWf/., ji. 402. 

Jtyum. Aic. Ohenx. Ind., 1894, 839. ® Chein. Jievue, 1897, 119. 
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therefore simply a question whether the method proposed by Zaloziecki 
is more expeditious than the weighing of the original fat in a picnometer. 
There can be no doubt that Zaloziecki's method is more cumbersome. 
For this reason, and for the more cogent one that a serious error is 
introduced by the solubility of the volatile fatty acids, this method 
cannot be recommended. 

Although the specific gravity of the individual oils, fat.s, and waxes 
furnishes an important and characteristic number, which frequently 
serves as an additional means of identification, or as a verification of 
results arrived at by other methods, the specific gravity numbers in 
themselves afford very little discriminating data for purposes of classi¬ 
fication, and the importance that was ascribed to the specific gravity 
numbers in earlier works was much overrated. This may be exemplified 
by the extensive use of “ oleometers ” purporting not only to dis¬ 
criminate between different oils, but even to aid in the detection of 
adulteration. To show that the specific gravity number alone is of 
limited value as a sorting test, 1 append the following table, in which 
the specifi(^ gravities of some of the most inq)ortant oils, fats, and waxes 
are placed opposite the classes adopted in this treatise :— 


[Table 
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Specific Gravities of the most important Oils, 



0-876-O-8S3 

O-OOO-O-OlO 

0-913-0'910 

0’lil()-0-920 

Fatty Oils : — 

• VetjeUibh oiU~ 

Drying oils . 





Semi-drying oils . 



Rape oil 
group 


Non-drying oils . 

Animal oils— 

Marino animal oils— 
Fish oils 




Almond 

oil, 

Arachis 
oil, Olivo 
oil 

Liver oils . 





Blubber oils 





Terrestrial animal oils 

Solid Fats :— 

Vegetable, fats . 



Effl oil, 
Neat’s 
Sheep’s 
Horses’ 

foot oil 
toot oil 
foot oil 

Animal fats — 

Semi-drying fats . 




Horse fat 

Non-drying fats . 



Bono fat 


Liquid Waxes . 

Solid Waxes :— 

Vegetable waxes 

Sperm oil, 
Arctic 
sperm oil 




Animal wares . 
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Fats, and Waxes, at G. 


yy20-oit‘i5 

0-lt25-0-935 f 

•!)3r>-O-910'0-!l40-0'fj0 

!)-f»50-0-y60 

O-ltCO-0-970 

0-970-0-'W 

Hemp seed 
oil, 

Soya beau 
oil, 

Maize oil, 
(.’otton 
seed oil, 
Sesame 
oil, etc. 

binsced oil 

! 

Tung |< 

! 

dl 

Castor oil, 
Croton oil 



llcrritig oil 

Cod li 
Skate li 

Whale oil 

] 

lapan fish 
oil, Men¬ 
haden oil 
\^er oil, 
vor oil, 
to. 

Vorpoiso 

oil 






Palm oil 

Laurel oil 
Cocoa nut 
oil, Palm 
kt5rncl oil 


Nutmeg 

1 

butter 

Cacao 

butter 

•lapiin wax 
Myrtlcwax 



Lard 

Ta 

Butter 

fat 

! 

low 

! 

1 

i •* 

'' 

Beeswax, 

1 Insect wa> 

1 

Camaiiba 

wax 

... 


— — 

■ ... 
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Although the liquid waxes on the one hand, and the solid waxes 
(including the wax-like fats) on the other hand, may readily be recog¬ 
nised by their specific gravities, much overlapping will be noticed. 
Some oils and fats fall within more than one subdivision, and the 
most heterogeneous fats, as regards chemical composition and other 
properties, range themselves in one and the same vertical column. 
A complete list of specific gravities will be found in Vol. II. Chap. XIV., 
under the heading of each individual oil, fat, and wax. A complete 
enumeration of the specific gravities, furnisliing a rapid survey of 
individual oils, fats, and waxes, is contained in Table 24 of my 
Lnboratorij Coinpavion.^’ 

The iodine value being the basis of the classification adopted 
throughout this treatise, it may be interesting to in(iuire whether 
any definite connection can be traced between the iodine value and 
the specific gravity. As a high iodine value indicates a high proportion 
of unsaturated glycerides, and the greater the unsaturation of the fatty 
acids, the higher tlieir specific gravity, some parallelism may be expected. 
Speaking broadly, such may indeed bo traced through the three main 
classes of oils, viz. the drying, semi-drying, and non-drying oils. Due 
regard must, however, be paid to the chemical constitution of the fatty 
acids ; thus castor oil deviates entirely from the rough approximation 
to the general rule to which the several cla-sses just mentioned seem to 
conform. Nor can a definite rule be expected to liold good, as differ¬ 
ences of climatic conditions, race, etc., produce a difference in the 
specific gravity, as well as in the iodine value. Wijs endeavoured to 
trace a correspondence between the specific gravity and tlic iodine value 
in the case of linseed oil, sesame oil, and arachis oil. Whereas in these 
cases Ingh specific gravities appear to correspond to high iodine values, 
the rule seems to break down in f-he case of cotton seed oil. More 
information on this subject will be found under each individual oil in 
Vol. II. Chap. XIV. 

The influence which glycerides of soluble fatty acids have on tlie 
specific gravities of some solid fats is shown more particularly by the 
following two tables. It will be seen that glycerides of soluble acids 
increase the specific gravity. 


A. Fats, free from Glycerides of Soluhle rvlafile Fully Adds 


Class of Fiit. 

Kid.I of I'iit. 

Hjidriflc OraviliosfttUiO’C. 
(\Vul«T nl ]y C. = l.) 

Vegetable Fats .... 

(’acao butter 

0'8r)7 


Palm oil 

0-8r>7 


.Japan wa.\ 

0-8755 


I.ard 

0-801 


Tallow (beefand mutton) 

0*860 


Horse fat 

0*801 


Oleomargarine 

0*869 
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B. Fats, containing Glycerides of Soluble Volatile Fatty Acids 


Clat>.s of Fat. 

Kind of Fat. 

Specific Oravitiefi at 100’ C. 
(Water at 15’ 0.»1.) 

Vegetable fats .... 

Cocoa nut oil 

Palm nut oil 

0-8736 
. 0*8731 

Animal fats .... 

Butter fat 

0-865-0-868 


Tlie presence of free fatty acitLs in oils and fats naturally influences 
the specific gravity number to some extent. Inasmuch as the free 
fatty acids, on ex])osuro to the atmosphere, undergo changes more 
rapidly than their glycerides, it frequently occurs that the specific 
gravities of oils and fats containing free fatty acids rise with the increase 
in the amount of free fatty acids. A definite relation, however, does 
not exist between the proportion of free fatty acids and the specific 
gravity, and the reverse occ\irs with equal frequency.^ This is shown 
by the numbers contained in the following table:— 


No. 

Kind of Oil. 

Fivo 

Fatty 

Pi'rcunt. 

Six'cilie 

Gravity 

C. 

(Wati'r at 
15 r.» C. 

= 1.) 

Observer. 

1 

■ 

Olivo oil, No. 2, fi oed from fatty ■o-uU 

0-0 

0-9152 

Thomson and Ballantyne^ 

2 

Olive oil . . . • • • 

3*86 

0-9Ma 

>> 

3 

Olive oil (edible) .... 

•i-15 

0-9151 

>1 It 

4 

Olive oil. 

5-19 

0-9168 

M •> 

6 

Olive oil (Gioja). 

9-42 

0-91.56 

»> II 

C 

Olivo oil (for dyeing). 

9'67 

0-9154 

l» M 

7 

Olive oil. 

11-28 

0-9145 

11 II 

8 

Olive oil. 

19-83 

0-9160 

II II 

9 


23-78 

0-9147 


10 

Olivo oil, from bagasse 

71-12 

0-9277 

Klein® 

11 

Sulphur olive oil, Italian . 

48-2 

0-9’97 

Lcwkowitsch-* 

12 

Sulphur olive oil, Italian . 

49-4 

0-9201 

,, 

13 


64-2 

0-9193 

,, 

14 

Olive oil, Californian 

12-11 

0-9149 

Tolman and Munson® 


In order to remove the uncertainty attaching to the determination 
of the specific gravity of oils containing free fatty acids, ArchhiUt 
proposed to take the apecift(i gravities of the liberated fatty acids. 
Most fatty acids being solid at the standard temperature, the deter¬ 
mination should be made at the boiling point of water, but the meagre 
information so obtained will hardly repay the trouble entailed (cp. 
Chap. VIII. and Vol. II. Chap. XIV.). 

' Cj). A. 0. lianaoine, Journ. Soc: Chnn. Ind., 1912, 672. 

'■* Journ. iSoc, Cheni. hid., 1890, 589. * Ibid., 1898, 1055. 

•* Unpublished notes. 

“ Journ. Amer. Ctmn. Soc., 1903, 957. Tho average specific gravity of Californian 
oils was found to be 0>9168. 
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The changes in specific gravity which are brought about by oxidation 
are indicated in the following table due to Thomson and Ballantyne ; ^ 
the oils were exposed to the action of direct; sunlight in uncorked 
bottles, the contents being shaken up every morning for six mouths : 



1 Jmm. -Sew. Chem. ItuI., 1891, 30. Cp. also Sherman ami Falk, Joum. Amr. 
ChenuSoc.t 1903, 711. 
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2. Meltln^r and Solidlfyingr Points 

The several methods proposed hitherto for the determination of the 
melting points of fats, unfortunately lead to discordant results. Nor 
is this to be wondered at if we remember that natural oils and fats are 
not definite chemical substances, characterised by a definite melting 
point, but are mixtures of a number of glycerides. A further com¬ 
plication arises from the fact that even pure glycerides, such as tri- 
myristin, tripalmitin, and tristearin, present in their melting points 
irregularities such as are not shown, as a rule, by definite chemical 
substances. It has been explained above that even pure triglycerides 
have two melting points, and that the true melting point (the higher 
one) is only obtained with crystallised glycerides. The conflicting 
views as to the true explanation of the so-called double melting points 
have been detailed in Chap. I. p. 21. But whatever the correct ex¬ 
planation, it is obviously desirable that before determining the melting 
point of even a pure glyceride, endeavours should be directed to 
obtaining it in a crystalline condition. 

As stated above, Bomer termed the first melting point “ transition 
point.” The manner in which this “ transition point ” is determined 
in the case of a pure glyceride will be described in Chap. XII. 

In the case of commercial oils and fats it is, as a rule, impossible to 
obtain the crystalline form. Hence the specimens subjected to exam¬ 
ination do not melt sharply at a definite degree of temperature, but 
soften first, and only melt to a clear liquid after further heating. 

This is due to the fact that most natural oils and fats consist to the 
largest extent of mixed glycerides, the melting point of which must 
obviously lie below the melting point of mixtures of true tripalmitin, 
trlstearin, and triolein. Such mixtures have been prepared and 
e.xamincd by R. Kretmnn and R. Schoulz ; the most important of 
their results are reproduced in the following tables 

Melting Points of Mixtures of Trivalmitin and Tristearin 


TriiMilinitin. 

'rri.stf-iirin. 

Temiicrature. 

Pel- cpnt. 

I’er cDht. 

'C. 

00 

ICO-O 

56-0 - 

10-0 

00-0 

00-4 

120 

88-0 

60-1 

250 

750 

58-0 

30-0 

(59-4 

67-8 

30-8 

00-2 

.560 

47-0 

530 

57-2 

500 

50-0 

. 56-2 

56-2 

43-8 

55-1 

68-8 

31-2 

54-5 

91-6 

8-4 

60-4 

100-0 

00 

62-6 


> Mmalah./. C/iem., 1912 (33), 1063. 

2 It will Iks seen from p. 27 that tlm melting point of pure tristearin is 71 C. The 
temperature given by R. Kremanu and R. Schoulz evidently refers to the " transition 
point.” 
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MeUwti Points of Mixtures of Tristearin and Triolein 


Tristoarin. 

Ti'ioldln. 

Temperature. 

Ter Cent. 

I’lT CDIlt. 

“C. 

00 

1000 

~ 7-0 

4-8 

05-2 

+ 28-0 

14-7 

8fl-3 

44-0 

23-3 

70-7 

50-7 

31-2 

()8-8 

50-0 

r)2-AH 

47-2 

(i4-3 

74-fi 

25-4 

«{4-3 

100-0 

0-0 

5(5-0 


Melting Points of Mixtures of Tripalmitin and Triolein 


'I'riiAliiiiliii. 

Trioioiii. 

Temperature. 

I’er cent. 

I’er cent. 

" V,. 

0-0 

1000 

- 7-0 

(5-1 

03-0 

+ 250 

21-5 

78-5 

48-2 

20-1 

73-1) 

600 

470 

530 

5(5-1) 

72-8 

27-2 

()0-M 

100-0 

00 

02-0 


Melting roiNT.s ok Mixtures of Tristeauin, Tripalmitin, 
ANu Triolein 

A. Tristearin and Tripalmitin in the Proportions 0 / 0 ; 1 


Tristcarin. ( Triiialmitiii. \ Trioliin. TonijiiTaturi;. 


I’er cent. i 

Per emt. 

Per cent. 

1 'C. 

90-0 1 

100 

0-0 1 

i (50-4 

81-4 

9-0 

9-6 

61-9 

02-7 1 

7-0 i 

30-3 ' 

04-4 

51-9 ! 

0-8 

42-3 i 

04-2 

42-2 

4-7 ' 

53-1 

02-7 


B. Tristearin and Tripalmitin in the Proportions 0 / 3 : 1 


Triwtearin. 

Triiialmitin. 

Triulein. 

Teini>erature. 

Per cent. 

Per cent. 

Per cent, 

• C. 

75-0 

25-0 

00 

68-0 

670 

22-3 

10-7 

67-0 

67-3 

19-1 

23-6 

67-7 

47-9 

16-0 

361 

66-4 

40-7 

13-0 

40-3 

68-6 

18-5 

6-1 

76-4 

60-7 

13-6 

4-5 

81-9 

47-0 

9-5 

3-1 

87-4 

44-2 
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C. Tristearin mid Tripahnitin in the Proportions of I :l 


Tristearin . 

' rrijHilniitin . 

Triolein . 

TomjH ' rature . 

Per eent . 

P<‘r cent . 

IVi cent . 

" C . 

600 

50-0 

00 

56-2 

45-4 

46-4 

9-2 

60-2 

4 M 

411 

17-8 

66-0 

34-4 

34-4 

31-2 

54-4 

2 < l -8 

21)-8 

40-4 

520 

20-5 

2()-5 

47-0 

52-0 

23-4 

23-4 

63-2 

50-0 

15-0 

1 . 5-0 

70-0 

44-7 

10-5 

10-.5 

790 

42-8 

4-5 

4-5 

91-0 

31-7 

00 

0-0 

100-0 

7-0 


D. Tristearin and Tripahnitin in the Proportions 0 / 1 : 3 


Tnsteavin. 

Triiiuliiiiliti. 1 

Triolfiii. 

'IfiiilnTatiii''*. 

I'.-r ernt. 

Per rent. j 

Per cent. 

“ C. 

25-0 

75-0 

0-0 


0-3 ! 

18-9 

1 74-8 

39-9 

4-0 

11-9 

84-1 

30-2 


For tables giving the melting points of mixtures of tripahnitin, tri¬ 
stearin, and triolein in other proportions, the original paper must be 
consulted. 

The melting points of mixtures of a pure simple triglyceride and 
a pure mi.xcd triglyceride arc given in tlie following table:— 


Melting Points of Mixtures of Tristearin and a-Palmito-li-y-Dislearin 
(himprick *) 


Tristearin from 

a - Palmito -^- y . 

Mi lling l‘oiiit orciyceritli 


JleltiDg Point of 





Mutton Tallow . 

Distearin . 

( Vy.stallisctl 

Tninsition 


Arids . 



from Solution . 

Point . 



100 


721 

'■ C . 

54-8 

73-0 

69*4 

90 

10 

71’5 

54-2 

711 

68-6 

80 

20 

70-6 

540 

70*2 

67 -G 

70 

30 

69-5 

53*5 

69*3 

67-3 

60 

40 

68-3 

530 

C 8-2 

6()*6 

60 

50 

67-4 

52*8 

67-2 

66-0 

40 

60 

05*8 

52-5 

05-8 

C 6'4 

30 

70 

64-7 

62-0 

63*4 

64-8 

20 

80 

04-5 

51-8 

64-2 

C 40 

10 

00 

66-2 

61*6 

() 6'2 

63-4 

100 

67-8 

611 

07-7 

62-4 


There is also much uncertainty as to which of the two temperatures 
should be taken as the melting point, the one at which a fat commences 


* himnj. IJissert.t Munster, i/\V, 1912. 
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to liquefy, or the one at which it becomes perfectly transparent. Some 
experimenters identify the melting point with that temperature at 
which the fat undergoes a certain degree of softening, either sufficient 
to permit a plug of fat, contained in a glass tube (either a capillary tube 
or a tube of 5 to 7 mm. diameter) open at both ends, to be forced up 
by the hydrostatic pressure of water (Bouis), or sufficient to allow the 
fat to form a globule (Wimmd). A further difficulty is caused by the 
fact that some fats—lard, tallow—become transparent at a temperature 
which lies several degrees above that at which they liquefy completely. 
The reverse behaviour is shown by Japan wax. 

The want of a uniform method for the determination of the melting 
point is therefore much felt, and one that would command general 
acceptance is still a desideratum, as in the valuation of some commercial 
fats (such as chocolate fats) considerable importance attache.s to the 
melting point. 

It should be borne in mind that fats do not exhibit their normal 
melting point shortly after being melted. It is only recovered after 
the lapse of a day or two; therefore if a sample has been melted, it 
should be allowed to stand some time (at least over night) before its 
melting point is determined.^ 

On the Continent Pohl’s method is largely employed. According to 
this method the temperature is ascertained at which the fat is just 
becoming liquid, although it may still retain solid particles. The 
globular bulb of a mercury thermometer is immersed in the melted 
fat and quickly removed, so that only a thin coating of fat adheres 
to it. After a day or two the thermometer is fixed, by means of a cork, 
in a long and wide test-tube, in such a manner that the bulb is still at 
a distance of about half an inch from the bottom. The test-tube is 
then fastened in a clamp and gently warmed by the heat radiating from 
a heated sheet of iron or asbestos placed below it at a distance of about 
one inch. The temperature is allowed to rise only very gradually. 
At the moment when a drop of liquid fat is observed to form at the 
bottom of the bulb, the temperature is read off; this is recorded as 
the melting point. 

Some of the inaccuracies which attach to this procedure were 
removed by Finkener, who coats glass rods of specified dimensions 
with the fat; but even then it is impossible to obtain a homogeneous 
coating. 

More precision has been given to Pohl’s method by Uhbelolde,^ 
who provides the bulb of a thermometer with a metal casing in which 
a small open glass vessel (cap), having a hole at the bottom, can be 
fitted tightly. The fat to be examined is pressed into the glass vessel, 
which is then slipped into the metal casing, so that the bulb of the 
thermometer is embedded in the fat. The thermometer is then placed 
in a long and wide teshtube, which is immersed in a water-bath. By 
slowly raising the temperature of the water-bath, the “ softening point,” 
i.e. the point at which the fat just commences to protrude through the 

^ Cp. Vol. II. Chap. XIV. “Catiiio Butter.” 

Zeit9./. angew. Ckem., 1905, 1220. 
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hole in the bottom q£ the glass cap, as also the “ dropping point,” i.e. 
the degree of temperature at which the melted fat drops off, can be 
observed. The author has found Vbbelohde’s contrivance useful in the 
examination of lubricating greases melting below 100° C. In the case 
of solid fats the same results were obtained as by T. Redwood’s * slightly 
modified form of PoM’s method :—A minute quantity of the melted 
fat, nearly cooled to its solidifying point, is placed, by means of a thin 
glass rod, on clean mercury contained in a small dish and allowed to 
solidify. The dish may be placed in a beaker containing water, which 
is heated gradually. A thermometer is dipped in the mercury, and 
that temperature at which the fat spreads over the mercury is recorded 
as the melting point. This method can be recommended ; it is, how¬ 
ever, preferable to place a somewhat large quantity of the not previously 
melted fat on the surface of the mercury. 

Frequently the melting point is ascertained in capillary tubes 
clo.sed at one end, such as are employed for determining the melting 
points of pure organic substances.^ The “ Society of Bavarian 
Analytical Chemists ” agreed upon the following modus operandi :— 
Draw a column of fat, 1 to 2 cm. high, into a thin-walled capillary 
tube; seal one end of the tube, and attach the latter to the stem of 


a thermometer in such « « 

( a manner that the sub- 

; stance and the mercury i 

^ bulb are at the same ! 

level. After an interval i 

of about twenty-four 
hours immerse the ther¬ 
mometer in glycerin con¬ 
tained in a test-tube^/ | ^ 

1 about an inch and a half \ W 

f wide, and heat the li(juid 

P very gently. The tem- 

p i—w perature at which the 

K'.. ■ cylinder of fat has 

p,, Jfi become perfectly clear 
^ w 1; V and transparent is con- 

p i I A sidered to be the melting ® * 

An apparatus adapted for this 
method was de.signed by Obherg ; it is 
shown in Fig. 13. The vessel is filled 
with oil, and on heating at A circula¬ 
tion takes place spontaneously without 
any stirring being rcciuircd ® in the direction C, B, D. 

The capillary tubes must not be chosen too narrow. Lnless atten- 


* A nali/al, 1877. 51. 

'■* Cp. T. Tvrer »uul A. IjOvv, Pham. Jutirn., 
Chm. /At., 1«05, Vm. 

“ C'p. also 'Jluelc, Ikrichie, 1907, 996. 


1890, July 29 ; cp. also Wi*gscheider, 
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tion be paid to this point, differences amounting to several degrees 
may be found between tlie results obtained by determining the melting 
point on mercury and in capillary tubes, the differences increasing as 
the diameter of the capillary decreases. The determination of the 
melting point of fats in capillary tubes must therefore be made with 
due caution. The uncertainty attaching to the determination of the 
melting point in capillary tubes led Bensemann ^ to fix upon two points, 
viz. the point of incipient fusion and the point of complete fusion. 
This method is still largely used on the Continent. A drop of the 
melted fat is placed in a tube as shown in Fig. 14, «, and allowed to 

solidify in such a posi¬ 
tion that it forms a 
globule at A. The tube is 
then attached to a ther¬ 
mometer and immersed 
in water contained in a 
beaker. By gently 
warming the water over 
a very small flame a point 
is reached when the fat 
just begins to flow down 
tlie side of the tube. The 
teniperature at which 
this takes place is re¬ 
corded as the “ point of 
incipient fusion.” The 
drop of fat will then 
occupy the position 
shown in h. By further 
application of heat, the 
drop becomes completely 
transparent; the corre- 
.sponding temperature is 
the “ point of complete 
fusion.” The difference 
between these two 
poijjts is about 3'^ to 
4" C. 

A more convenient 
form of melting point 
tube, proposed by 
Bomer,^ is shown in Fig. 15. In the United States of America Wiley’s 
official method ® is frequently used. 

Several chemists propo.sed an acoustical method for ascertaining 

^ Journ. Soc. (Jhem. Ind., 1885, 584. 

* Zeds. f. Unters. d. NatiTijn- w. Oenumn., 1909 (xvii.), 363. 

^ Oj/iciul uyid Provisional Methotls «/ Anulysis, As-soc. of Agricult. 1907, 

133; ep. also G. A. Meiige, “A Wlu«ly of Molliiig-IVnut Deteriiiiiiutioiis,” Hygienic 
Laboratory, Bullotiu No. 170, Waaliiiigtou, 1910 ; 11. Steeubock, Jixuni. InU. and JCng. 
Vhtm., 1910 (2), 480. 
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the melting point of fats. The principle on which apparatus of this 
kind is based is the following: Two platinum wires connected to a 
battery and an electrical bell are immersed in the solid fat. On the 
latter becoming melted the circuit is closed, and the bell rings. The 
first apparatus of this kind was designed by Loewe, and was modified 
in some minor points by 
Jean. The essential part 
of Jean’s apparatus con¬ 
sists of a U-tube, into 
which is poured a quantity 
of the melted fat, sufficient 
to fill the bend of the tube. 

Platinum wires are then 
introduced into the solidi¬ 
fied fat down each limb of 
the tube, and connected 
with a battery and an 
electric bell. Next a little 
mercury is poured into one 
of the limbs of the tube, 
which is placed in a water- 
bath. When the tat melts, 
the mercury falling through 
it, closes the circuit. 

Another apparatus of 
the same type has been 
designed by Christomanos.^ 

It is shown in Fig. 16. 

The acoustical methods 
entail too much trouble for 
commercial work ; in view 
of the small amount of in¬ 
formation that is gained, 
even from a correct melting 
point, they must be con¬ 
sidered an over-elaboration of a method which should only be resorted 
to in exceptional cases. 

Le Sueur and Crossley * proposed to determine the melting point in 
the following manner: Place in a thin-walled tube, about 76 mm. 
long and 7 mm. wide, a fine capillary tube, open at both ends, and 
protruding over the thin-walled tube. The diameter of the capillary 
should not exceed mm. A small portion of the fat under examination 
is then introduced into the thin-walled tube, so as to cover the lower 
part of the capillary. The whole is then attached to the stem of a 

* jenern. Soc. Chem. Ind., 1890, 894 } <^. also Linibourg, Bull, Soc. Chim. Belgique, 
1908, 117 ; L. v. Liebermaun, Zeita, f. UnUra, Nakrga^ u. Oenusm.^ 1911, xxil. 
294. 

® Jou/m. Soe, Chem, Ind.^ 1898, 988. 

VOL. I 
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thermometer (by means of india-rubber bands) and placed in a beaker 
containing the heating fluid. The temperature at which the liquid is 
seen to rise in the capillary tube is noted as the melting point of the 
fat. Whereas this method gives accurate results in the case of pure 
chemical substances, it did not give in my laboratory reliable results 
with fats. Two defects are inherent to this method. The one is the 
tendency to give too low a melting point in the case of fats containing 
glycerides of lower fatty acids (such as butter fat and cocoa nut oil) 
owing to a portion of the fat having liquefied and risen in the capillary 
tube, whilst the remainder had not yet melted. The second error is 
due to the viscosity of fats; this plays an important part in such cases 
as tallow, wool fat, and chocolate fats; hence the melting points are 
found too high. 

The following table reproduces some results obtained in my 
laboratory by various methods ;— 


Cmnparative Vetermiiuitions of Meltiiuj Points of some Fulii/ Suhslanas 
{Lewkowitsch) 




Lc Sueur and Crosslfty'a Method. 









Ordiimry 

Ilyilrfistatic 


Fat. 





Mercury 

MethOfl. 


Softens in 
Outer 

Clear in 
Outer 

lliH.-B in 
('iijiitlarj' 

Capillary, 
tube Method. 

ITesHUte 

Methixi. 



Tube at 

Tube at 

Tulie at 






•c. 

*C. 

"C. 

•c. 

'C. 


Wool fat . 


... 


45<) 

36-7-39-2 

32-4 






45-0 

36 •5-39-2 







45-6 






32 

40 

45-7 

37-l-:i9 8 

30-2-3I-8 






45’4 

37 •4-39-8 







45-7 




Butter fat 



36 

25-7-25'8 

32-0-33-4 







257-25-8 

32-0-33'45 



Cocoa nut oil 



26 

22*8 

24-8-25'2 







23-2 

21-8-25-2 



Stcarolactona 



39'1 

34’8 

37 •0-37-7 



Tallow 




46*4 

4i-i.4r>-o 



Oleomargarine 
“Chocolate fat 





25-5 


uncertain* 

-1. 



34-4 

28-3-28-9 


31 

“Chocolate fat’ 

—II. 



35’6 

28-3-28-9 



“ Chocolate fat 

■-HI. 




25 


26-6 

“Chocolate fat 

—IV. 




32 

35 

3,6-37 

"Chocolate fat’ 

—V. 

... 

__ 


86 ■! 

85 

_ 

34-36 


It will be seen from the preceding remarks that the exact determina¬ 
tion of the melting point of a fat is attended with difficulties ; moreover, 
the drawback attaches that some time must be allowed to elapse before 
a sample can be tested. 

For purposes of discrimination between various oils, the melting 
point has, as a rule, little analytical value. It is therefore unnecessary 
to add here tables enumerating the melting points of oils. In special 

1 Commenced to melt at the edges at 26“ C. ; about half of the lump melted at 
30° C., and melted completely at 37'8° C. 
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instances, however, such as in the valuation of “ winter oils,” the 
melting point Ls of considerable importance. 

Of greater importance is the determination of the melting point 
of solid fats, as it is frequently required to value different specimens 
of one and the same kind of fat on the basis of their melting points. 
As has been explained above, the methods in vogue yield different 
results. An agreement between analytical chemists as to an exact 
method is desirable. A table in which the various melting points 
were set out would show so glaring a disagreement between various 
observers, that I consider it useless to collate the numbers here. The 
melting points of the natural tats will be found detailed under their 
respective headings in Vol. 11. Chap. XIV. 

It should be noted that small amounts of free fatty acids influence 
the melting point considerably. 

Special directions for the determination of the melting points of 
lard substitutes, paraffin wax, and spermaceti will be found in Vol. III. 
Chap. XV. under the headings “ Lard Substitutes,” “ Paraffin Wax,” 
and “ Sperm Candles.” 

Le.ss uncertainty attaches to the melting point of the mixed fatty 
acids derived from an oil or fat; therefore, in examining a sample of 
fat for commercial purpose.s, the melting point of the free fatty acids 
is usually taken. (For the method employed for this purpose see 
Chap. VIII.) 

When melted substances solidify, the “ latent heat of fusion ” is 
liberated and a rise of temperature takes place. Whereas fatty acids 
show this rise most distinctly, it is not so well marked in the case of 
fats, although if large quantities be taken, the rise of temperature can 
bo observed distinctly (cp. Vol. II. Chap. XIV. “ Lard ”). Fats are 
rather characterised by the feature that the temperature remains con¬ 
stant for some time before falling further. 

It should be distinctly understood that these and the following 
notes only refer to natural fats. “ Hardened Fats ” (see Vol. III. Chap. 
XV.) show, or may show, a different behaviour which has not been 
studied hitherto. 

Rudorff studied the solidifying points, with a view to their applica¬ 
tion as characteristics in the examination of fats. His method was to 
melt a fat and to agitate it continuously with a thermometer, noting the 
temperature from time to time. He found that in the case of some 
fats the temperature fell to a certain point, remained constant thereat 
tor a time, and then fell again. During the period of constant tempera¬ 
ture the fat solidified ; tins temperature he judged to be the solidifying 
point. 

Again, in the case of other fats, on solidification setting in, a fall 
of temperature takes place with a subsequent rise, until a maximum 
is reached, and then the temperature remains constant until the mass 
has become solid throughout. 

A number of other fats, such as beef and mutton tallow, exhibit no 
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solidifying point proper, the temperature rising a few degrees, but 
not remaining constant for any length of time. These fats behave 
like mixtures (which indeed they are, see Vol. II. Chap. XIV.), part of 
which has become sohd whilst the remainder is still liquid. 

The author does not, therefore, recommend to determine the 
solidifying point of fats, but rather determine the solidifying points of 
their fatty acids (see Chap. VIII.). 

A number of solidifying points observed with commercial lards 
will be found under “ Lard ” in Vol. II. Chap. XIV. 

Polenske * pointed out that the difference between the melting and 
solidifying points of specimens of one and the same kind of animal fat 
is nearly constant, whereas it varies for animal fats of different origin. 
This is brought out clearly by the data given in the following table, 
in which a few “ differences ” of some animal and also of vegetable 
fats are recorded :— 


Kind of Fat. 

N'o. of 
S[>ecimf‘UB. 

1. 

Molting Toint. 

•c. 

II. 

SoUdifyinR Point. 

•c. 

111. 

DiflVrpnce. 

i.-n. 

Tallow stcarine . 

2 

54-2; .'50 

41-0; 43-5 

12-7; 12-5 

Tallow . 

47 

41-2-62 

284-35-4 

12-8-15 

Lard 

1.7 

42-2-49 

23-28-4 

19-2-20-6 

Goose fat 

0 

32-2-38-3 

17-5-21-7 

14-7-16-7 

Butter fat . 

2 

34-5; 35-5 

22-7; 21-2 

11-8-1.5-9 

Horse fat 

2 

33-0; 36-3 

18; 19 

15-0; 16-3 

Cocoa nut oil ® . 

5 

24-5-26-0 

19-0.22-5 

4-8-6-0 

Shea butter 


46 

25-0 

20 

Borneo tallow 


48-5 

40-0 

8-5 


For the details of the apparatus, and the manner in which Poleiiske 
determines the melting point, the reader must be referred to the original 
papers. It need, therefore, only be pointed out that Polenske proposes 
to detect, with the help of the “ difference number ” (as he terms the 
numbers given in the last column of the preceding table), admixtures 
of one animal fat to another, such as lard and beef fat to goose fat, 
etc. (see Vol. II. Chap. XIV.). It is, however, absolutely essential 
to follow minutely the modus operandi prescribed by Poknske. 

It will be observed that the differences in the case of cocoa nut oil 
and Borneo tallow arc comparatively small, whereas in the case of 
shea butter the difference is higher than in the case of animal fats. 
A much more extended series of observations is, however, required 
before general deductions can be made. This becomes obvimia from 
the fact that in his second paper Polenske was forced to raise the 
“ difference numbers ” in the case of goose fat and of butter fat. 

* ArbfMen a. d. Kuiserl, (Jeswidheitsamte^ 1907, ixvi. 3, 444 ; 1908, 273. 

* In the case of a “hardened ’’ cocoa nut oil, having the iodine value of about 1, the 
“difference number” had risen from 5*2 to 16'8, the melting and solidifying points 
respectively of original and “hardened” cocoa nut oils having been raised from 26‘8 
and 20*4 to 44’5 and 27*7. 
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Fischer and Alpers ^ state that Polenske’s limits must be widened, and 
whilst the method may be useful for the detection of considerable 
quantities of tallow in lard, it is useless for the detection of foreign 
animal fats in butter fat (cp. Bomer and Limprich '). 

The following observation may also prove useful. It has frequently 
been noticed that a mixture of oleostearine and cotton seed oil of a 
definite “ titer test ” (see Chap. VIII.) crystallises at a much higher 
temperature than a mixture of pure lards of the same titer test. It 
has also been noticed that a mixture of lard oil and lard stcarine crystal¬ 
lises at a much higher temperature than a corresponding mixture of 
lard oil and oleostearine.^ 

The solidifying op freezing (congealing) point of oils is deter¬ 
mined with the aid of freezing mixtures, in which tubes containing the 
oil are placed. The thermometer is inserted in the tube by means of a 
cork; it is convenient to use a thermometer, the scale of whicli com¬ 
mences above the cork. The following table® gives the proportions 
of water and certain salts required for the preparation of some freezing 
mixt\jre3:— 


Substances used. 

Tarts per 100 of 
water. 

Temperature 

obtained. 

*C. 

Distilled water 


0 

Potassium nitrate . . , 

18 

-2‘86 

/Potassium nitrate . . 

13 ) 


\Sodium chloride 

3-3/ 


Barium chloride 

35-8 

-8-7 

Aiiuuottium chloride 

26’0 

-15-4 


If .snow is available, lower temperatures can be obtained, as will 
be seen from the following table :— 


SubstAiices used per 100 parts of Snow. Tt-mp. obtained. 

13-5 parts potassium nitrate and 20 parts ammonium chloride . - 17-8 

33 parts sodium chloride ...... -21-3 

52 parts ammonium nitrate and 55 parts sodium nitrate . - 25-8 

D parts potassium nitrate and 07 parts ammonium rhodanate . - 28-2 

13 parts ammonium chloride and 37'5 parts sodium nitrate . -30-7 

32 parts potassium nitrate and 59 parts ammonium rhodanate . - 30-0 

2 parts potassium nitrate and 112 parts potassium rhodanate . -34-1 

39-5 parts ammonium rhodanate and 64*5 parts sodium rhodanate - 37-4 
143 parts crystallised calcium chloride (CaClj + 2HjO) . . -SO-O"* 


^ Zeits. f. Untert. d. Nakrgs- u. Qmussm., 1909, xvii. 181 ; cp. also Fritzsche, 
ibid., 1909, xvii. 532, and Labaud, ibid., 1909, xviii. 289. For the “theoretical basis 
of Foleuske’s method ” cp. A. Bomer and R. Limprich, ibid., 1913, xxv. 367. 

* Wesson and Lane are of the opinion that this is due to the liard portions of the 
beef fat, which comprise the bulk of oleostearine, being less soluble in cotton seed oil and 
in lard at low temperatures, than are the solid portions of hog fat. 

* Joum. Soc. Chem, Ind., 1889, 423. 

* J. Duclaux {Ciympt, rend., 1910 (161), 715) uses a mixture of carbon bisulphide and 
acetone, thus obtaining a temperature of -48“ C. 
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The freezing point of fatty oils is not characteristic enough for 
purposes of classification or 
identification. This deter¬ 
mination is therefore resorted 
to for purposes of valuation, 
as in the examination of differ¬ 
ent specimens of neats’ foot 
oil (see Vol. II. Chap. XIV.), 

“ winter oils,” and lubricating 
oils. Elaborate methods for 
testing lubricating oils have 
been worked out by the 
officials of the Konigliche 
Tcchnische Versuchsanstalten, 

Berlin. Fig. 17 illustrates the 
apparatus in which the deter¬ 
mination of the freezing point 

of fatty oils is carried out (cp. “ Cold Test,” Vol. III. Chap. XV.'). 

3. Refractive Index 


The case and rapidity with which the refractive inde.x can now be 
determined has given prominence to the refractometric method of 



Fig. 18. 


examining oils and fats. This method does not afford a perfectly 
reliable means of detecting adulteration; yet, in many cases, it can be 

^ Cp. also A. Loewenateen and L. Boelio, JCighth International C/mffress o/ 
Applied Chmietry, 1912, vol. xi. 17. 



Fig. 17. 
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used as a sorting test, permitting to decide rapidly whether adultera¬ 
tion may be suspected, or whether a genuine sample is under examina¬ 
tion (cp. Vol. II. Chap. XIV. “ Butter Fat ”). The objection of earlier 
observers, viz. that the refractive index is greatly influenced by the 
methods of refining, the age of the oil, the amount of free fatty acids. 



Fig. 1!). 


and the amount of oxidation a specimen has undergone, are unfounded 
to a great extent, more recent researches having proved that very 
valuable indications (especially in the case of butter fat) can be gained 
from the determination of the refractive index. 

In Abbe’s refractometer the index of refraction is found by observing 
the total reflection which a very thin stratum of a liquid placed between 
prisms of a more highly refracting substance produces in transmitted 
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light.' A single drop of a fluid is therefore sufficient for the examination, 
so that fluids which are opaque in a thick layer may be readily examined. 

The instrument ^ is shown in Figs. 18 and 19. The former illustrates 
its position when the drop of fat under examination is applied; the 
latter shows that position of the instrument in which the readings are 
taken. The instrument consists of a double prism of highly refracting 
flint glass (Fig. 18) fixed to an alhidade in such a manner that it can 
turn round the centre of a divided arc. This arc has fastened to it a 
telescope turning with it on a horizontal pin. The elongated part of 
the telescope fits in a support carrying two revolving Amici prisms. 
This system acts as a compensator for achromatising the critical line of 
total reflection, the amount of rotation being indicated by a divided 
drum. The drop of liquid to be examined is brought between the 
two prisms, one of which can be easily removed as shown. In order 
to make this prism easily accessible, the telescope with the arc can 
be turned down. 

The examination may be made with diffused daylight or with 
lamplight, and consists in a single adjustment of the alhidade. The 
refractive index is read directly off the divided arc to the third decimal, 
so that no calculation is required. The fourth decimal may be esti¬ 
mated accurately within two units. 

Zeiss's butyro-refractometer (for the examination of butter) (Fig. 20) 
has almost completely superseded Abbe’s rcfractometcr in laboratory 
practice. Only when the refractive indices of an oil lie outside the 
range of the butyro-rcfractometer, as in the case of tung oil and I'O.sin 
oils, the Abbe rcfractometcr is required. The butyi'o-refractometer 
differs from the Abbe instrument in that the critical line of total reflection 
for a given substance—in this case butter fat—is achromati.sed, not by 
a special compen.sating arrangement, but by the refractometei’ prisms 
themselves, the dispersion co-existent with the total reflection between 
glass and substance being exactly compensated by the dispersion due 
to the surface when the light emerges from the double prism in the 
direction of the telescope. Accordingly, the critical line apjiears 
colourle.ss (achromatised) for the standard substance for which the 
prisms have been calculated, whilst all substances differing from it in 
refractive and dispersive power cause the critical line to appear more 
or less blue when the dispersion is higher, or red when it is lower than 
that of the standard substance. The critical line is, however, in all 
cases sufficiently distinct to admit of its exact position being ascertained. 
In the latest instruments the refractometer is provided with a micro¬ 
meter screw which permits of greater accuracy in reading, as the dividing 
line can thereby be shifted in either direction by one whole degree, so 
that the uncertainty in gauging tenths of degrees is removed to a great 
extent.® Thus two different substances are, in the first instance, 
distinguished by the different positions of the critical lino, and next 

* E. Abbe, New ApparaU zur Be$timiiung ties lirechungs- und Zerstreuungsver- 
m^ens/ester und Jlussiger Kdrper. Jena, 1874. 

® Ma<ic by Carl Z(im, Optiache Werkstiitte. 

^ F. Loewe, Zdts,/. Unters. d, Nahrgs- u. Qenussm., 1905, ix. 16. 
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by the difference in appearance as regards a coloured fringe. Since 
the prisms of the butyro-refractometer arc calculated for pure butter 
fat, the presence of foreign fats in a sample of butter fat can in many 
cases be detected by a simple examination under this instrument.^ 

To make an observation, place the instrument upon a table, where 
diffused daylight or any form of artificial light can be readily admitted 
for illumination. Supply through nozzle D a stream of water of constant 
temperature.^ Then open the prism casing by giving to pin F about 



Fig. 20. 


half a turn to the right, until it meets with a stop, and turn the half B 
(held in position by H) of the casing aside. The prism surfaces must 
now be cleaned with the greatest care; this is best done by applying 
soft linen moistened with a little alcohol or ether. Then pour a few 
drops of the clear (filtered) (at on to the surface of the prism contained 
in casing B. For this purpose the apparatus should bo raised with the 
left hand, so as to place the prism surface in a horizontal position. 

> For the tlwory underlying Hie conatriictioii of the tmtyro-refractometer cp. also 
Bauraert, ZeiU. /. Unters. d. Nahrgt- u. Oetmsm., 1905, «. 1J6. 

e Cp. Fig. 2(!, p. 334. 
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Then press B against A, and bring F back into its original position by 
turning it in the opposite direction. 

While looking into the telescope, give the mirror J such a position 
as to render the critical line, which separate? the bright left part of the 
field from the dark right part, distinctly visible. If the space between 
the prisms is not filled completely with the sample, the critical line will 
not appear distinct. Finally adjust the movable part of the telescope, 
so as to focus the scale. 

The critical line, somewhat hazy at first, approaches a fixed position 
after a short time and quickly attains its greatest distinctness. This 
point being reached, the reading of the thermometer ^ is taken, unless 
a definite temperature has been arranged for at the outset. The 
adjustment of the instrument should bo tested periodically by means 
of a standard fluid (supplied with the instrument), the critical line of 
which must occupy a definite position on the scale. With the aid of 
a watch-key inserted in G, the position of the objective can be altered 
at will. 

The scale divisions are converted into refractive indices by reference 
to the following table ;— 


Table of liefradke Indices 


Scale Diriaion. 

no. 

Dilfeietico. 

0 

1-1220 


10 

1 -4800 

8-0 

20 

l-4y77 

7-7 

yo 

1-M52 

7-5 

40 

l-'ir>24 

7-2 

00 

1 •4.'’>9y 

6-9 

60 

l-46r.9 

6-6 

70 

1-472.J 

6-4 

80 

1-4780 

6-0 

90 

1 -4840 

r.-7 

100 

1-489x5 

.5 -fj 


Pulfrich’s 2 refractometer is also provided with a special arrange¬ 
ment for observations at .somewhat elevated temperatures. This 
refractometer ^ is shown in Fig. 21. The observations are made with 
sodium light, placed oppo.site the reflecting prism N, or with hydrogen 
light, emanating from the Geissler tube Q. The sodium light is thrown 
by means of the reflecting prism N, and the hydrogen light by means 
of the condenser P, on to the substance under examination. (The 
illumination can bo changed rapidly from one source of light to the 
other by displacing N.) The substance is placed direct on to the surface 

' Special thermometers are supplied by the makers of the Imtyro-refraetometor for 
examination of lards and butter fats, which show at a glance deviations from assumed 
normal values of these fats. The author has not admitteil the differential values into 
this work. 

* C. Pulfrich, Das TotalreJUdomeier uiid das liefractemeter far Ckeinikert etc., 
Leipzig, 1890. 

* Made by Carl Zeiss, Optische Werkstatte, Jena. 
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of the refractomJter prism in the manner illustrated by Fig. 22, and the 
prism, together with the substance, can be brought to any desired 
temperature in a special heating apparatus S (Fig. 23), by allowing the 
heating liquid to flow in the direction indicated by the arrows. The 
piece of wood W (Fig. 21) serves to prevent loss of heat. 

The light falling into the substance to be examined under grazing 



Fin. 21. 


incidence passes through the vertical face of the 90° prism, and the 
angle i at which the limiting ray emerges from the vertical face is 
read off by moans of a telescope and graduated circle. The refractive 
index » of the substance is calculated by means of the formula 
n= «yN^-~sin^', where N is the (known) refractive index of the prism. 

For the convenient supply of water to the butyro-refractometer 
at a constant temperature and under constant pressure, a water-pressure 
regulator (Fig. 24), consisting of the two vessels A and B, may be used 
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in conjunction with a thermostat * (Fig. 26). The butyro-refraotometer 
is inserted between the thermostat and ve.sscl B. 

A combination of the Abbe refractometer with the heating apparatus 
of the butyro-refractometer—necessary for the determination of the 
refractive indices of such oils as tung oil and rosin oils (see p. 337)—at 
a constant temperature is shown in Fig. 26. 

A type of instrument based on an arbitrary scale was constructed 
in France, before the butyro-refractometer appeared on the market, by 



FiB. 23. 


Amagal and Jean for the examination of nils and fats, and e.specially 
of butter fat. The apparatus, termed by its designers oleo-refracto- 
meter (Fig. 27), consi.st3 e.ssentially of a collimator, a telescope, and a 
metallic vessel. The latter is fitted with parallel plate-glass sides, and 
its relative position to the collimator and telescope is fixed in such a 
manner that a ray of light entering through the collimator must pass 
through the plate-glass sides and the telescope. In the centre of the 
metallic vessel a small hollow silver cylinder A having two plate-glass 
ends is inserted, so arranged as to form an angle of 107°. The telescope 

* A soiiiewliat more convenient tlierinostat, occupying less space, is recomineinleil by 
T. E. Thorpe, Joum. CAem. Soc., 1904, 257 ; cp. also von Heygen<lorff, Cfiem. Zeit., 
1909, 244 ; Poda, ibid., 1910, 1882 ; Cli. A. Hackman, C/um. New.t, 1910, 192. 
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is furnished with an arbitrary glass scale, H, placed in the focus of the 
eye-piece, M, on which is thrown the image produced by a semicircular 
stop inserted in the collimator, thus dividing the held into a dark and 
a light portion. If the silver cylinder and the outer circular vessel be 
filled with the same oil, there will be no refraction, and consequently 
no alteration in the position of the image. If, however, the inner 
silver cylinder be filled with a different oil, the light will be refracted, 




the amount of refraction depending on the nature of the oil; conse¬ 
quently the line dividing the field will be displaced to the right or left. 
The amount of displacement is read off the scale of the telescope, and is 
expressed by the number of scale divisions or “ degrees.” 

For practical use the outer vessel is filled with a standard oil {huile 
type) [the composition of which is, curiously enough, kept secret by 
the inventors; ^ it is supplied together with the instrument], and the 
semicircular atop is so adjusted that the line dividing the field into a 

^ The “ huile tyi>e ” is sheep’s foot oil. 
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dark and a light portion falls on the zero point of the scale. The inner 
cylinder is then filled with the oil under examination, and the displace¬ 
ment of the dividing line, i.e. the amount of refraction, is read off. 
Instead of using the ‘‘ standard oil,” a sample of oil may of course be 
compared with a specimen known to be pure. 

For the sake of greater convenience in practical use both the 
cylindrical vessel and the silver cylinder can be emptied (and washed 



Fig. 26. 


out) by means of taps, only one of which, R, is shown in Fig. 27. A 
water-jacket (not shown) surrounding the centre part of the instrument 
allows the temperature of the oil under examination to be regulated. 
The water in the jacket can be heated by means of a lamp to any 
desired temperature, which is read off a thermometer. 

Amagat and Jean's oleo-refractometcr has this advantage over 
other refractometers that, being a differential apparatus, it allows of 
a rapid comparison of two oils imder exactly the same conditions.^ 

* Allen (Analyst, 1895, 135) points out that the angle of the prism was not strictly 
the same in all etu'licr instminents \ thus he found for a sample of lard in three instru¬ 
ments 4^", 6”, and 11® respectively. 
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The older oleo-refractometers were constructed for the temperature 
of 22° 0., and most of the readings published by earlier observers were 



taken at this temperature. The instruments placed on the market at 
present are provided with a double scale for temperatures of 22° C. and 
45° C. respectively, so that observations made at 22° C. can be read olf 
at once in the corresponding values at 45° C. 



FiK. 28 . 


A new refractometer (Fig. 28) resembling the Pulfrich refractometer 
has been designed by Harland.^ This instrument differs from Pulfrich’s 
refractometer in that essential point that the rectangular prism of the 
latter is replaced by a cylinder quadrant, made of French flint glass of 
high refractive power. 

* Manufactured by Hans Heele, Berlin. 
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The object to be examined is placed on the polished horizontal 
surface of the quadrant. The light falls into the substance under 
grazing incidence, and the limiting ray, after emerging from the cylinder 
quadrant, passes through a concave cylinder segment (made of the 
same highly refractive glass as the cylinder quadrant, and of the same 
radius) in the telescope and thence into the eye of the observer. The 
angle is road off an arc which is divided into one-quarter degrees (16 
minutes); by using the “ vernier,” single minutes can be read off 
without difficulty. In order to obtain still greater accuracy, a micro¬ 
meter screw is provided, the drum of which is divided into 50 divisions. 
As one total revolution of the drum corresponds to 15' or 900", one 
division corresponds to 18" ; this forms the limit of accuracy obtainable 
with this apparatus. From the observed angle, i, and the known 
refractive index, N, of the cylinder quadrant, the refractive index, 
■«, of the substance under observation is found with the aid of the 
formula :—»s = N.3in i. 

In order to obviate calculations, there is furnished with the apparatus 
a table in which the refractive indices, n, are given from 10 to 10 
minutes, for all the angles between 34° 44' 30" and 87°, for the sodium 
line D. For any other wave length the refractive index must be 
calculated ; for this purpose the values of N for the rays A', C, D, F, G' 
are given in the table. 'Ihus all refractive indices between 1 and 1'733 
can be observed. (For higher refractions it would, of course, be 
necessary to u.se a cylinder quadrant, etc., of still higher refractive 
power.) The instrument is so adjusted that the angle for air is 
34° 44' 30". This is of great importance, inasmuch as it enables the 
operator to determine the zero point, as it were, of the instrument at 
any time. 

To observe the refractive index, a sodium light or any other mono¬ 
chromatic liglit is thrown from a distance of 12 to 16 inches through the 
rectangular prism on to the object under ob.servation. By turning the 
rectangular pri.sm downwards and sparking the hydrogen tube provided 
(see Fig. 28), the refraction for the hydrogen line can be observed, and 
by thus changing the source of light the dispersion can be measured 
rapidly, as it is only nece3.sary to turn the micrometer drum, until the 
dividing line between the dark and the illuminated fields passes again 
through the centre of the spider web in the telescope. 

This dividing line is more sharply defined and is less curved than 
in other instruments ; therefore the angle can be adjusted with greater 
accuracy than is the case in similar instruments. 

In order to make observations at any desired temperature, the 
quadrant is surrounded with a water-jacket H. 

For the observation of liquid substances a trough designed according 
to the suggestions of the author ^ is provided. In the following table 
a few observations by the author are contrasted with those obtained 
in the butyro-refractometer, where applicable. The temperature was 
20° C. 


* Lewkowitach, Journ. Soc. Chem, Ind., 1909, 773, 
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Substance. 

llsrland’s Refractometer. 

Butyro-refractometer. 

Medium used. 

Angle obBerved 
for D lino. 

“ Degrees.” 

Calculated. 

Water * ... 

Wintergroon oil 

49® 34'-1-33568 



Tung oiP . 

69® 59'-1-61943 



Soya oil ... 


67° 31'= 1-48026 

82® 

1-4794 

Maizo oil . . . 


67® 15'-1-47683 

76® 

1-47590 

Cottonseed oil 


67° 20'-= 1-47721 

76® 

1-47590 

Rape oil . . . 


67® 19'-1-47696 

76® 

1-47590 

Arachis oil . 


67® 4'= 1-47278 

70° 

1-4723 

Olive oil . . . 

,, 

67® 4'= 1-47278 

70® 

1-4723 

Castor oil . 


57® 38'= 1-48216 

84° 

1-4807 

Neats foot oil 


57® 1'-1-47195 

67® 

1-4705 

Cod liver oil 


67° 38'= 1-48216 

84® 

1-4807 

Whale oil . . . 

•> 

67° 23'= 1-47804 

77® 

1-4765 

Thymo oil * . 

Carbon bisnlphido 

58® 45'= 1-50017 



Wintergroon oil' 

01° 16'= 1-63840 



Rosin oil ^ (containing 
rosin acids) 

61° 8'-. 1-53675 



Itosin oil ‘ (froo from 
rosin acids) 

” 

61® 50'-1-64096 




Other instruments for the refractometric examination of oils have 
been constructed by by Leitz, and by Eyhmnn. 

The “ iraniersion-refractomcter ” constructed by Zeiss for the 
rapid examination of aqueous and alcoholic solutions has been applied 
to the examination of dilute aqueous solutions of glycerol by Henkel 
and Roth.^ 


The refractive index varies in inverse ratio to the temperature; 
hence it is necessary that observations be made at a constant tempera¬ 
ture. Tolman and Munson ^ calculated, from Procter's ^ observations, 
0 000365 as the correction for each degree Centigrade.® According to 
Richmond ^ the factor 0 00038 is more correct. From determinations 
made with the standard fluid supplied with the butyro-refractometer 
he derived the following corrections :— 

^ In thi« case the butyro-refractonioter is useless. 

® Manufactured by Adam Hilger, Camden Hoad, London, N.W. 

® Zeils./. nngeuK 1906, 1940. 

^ Jonrn. Amer. Chem. Soc-., 1902, 764. 

® Joum. <St)c. Chtm. Ind., 1898, 1023. 

* Cp. also Harvey, Jouth. Sik. Chem, Ind., 1906, 770. 

^ Aiiali/st, 1907, 44. Loach and Lytligo (,^ourn. Anier. Chan. Soc., 1904, 1193) 
constructed a .slifUug scale for reading off the refractive indices corre.sponding to butyro* 
refractometer “ degrees ” at different temperatures. This scale was bused upon the factor 
calculated by 1'olman and Munson. Richmond, however, pointed out that the errors in 
the results obtained by the use of lliis scale are greater than cnii be accounted for by the 
errors of the actual observations. He states that tlie factor vai ies with each part of the 
refractometer scale, and gives a table of tbe corrections found necessary in the case of a 
number of futs and oils. 

VOL. I 
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CHAP. 


Temp. *C. 

Correction for 
Scale Heading. 

Correction for 
RefittCtivo Index. 

15—20 

0-62 

0 •000.372 

‘20—25 

0-60 

0*000372 

25—80 

0-608 

0-000380 

30—35 

0-615 

0-000393 

35—40 

0-594 

0-000386 

40—46 

0-585 

O-0O0383 

45—50 

0-583 

0-000385 


In the butyro-refractomcter the correction for butter fat is 0-55 scale 
divisions (“ degrees ”) for each degree Centigrade; this correction 
is, liovvever, not applicable to other oils and fate. In order to avoid 
complications, it is best to make all observations at a definite tempera¬ 
ture, to be agreed upon. It is advi.sable to adopt 40° C. as the standard 
temperature, most oils and fata being li<juid at 40° C., and only in 
e.xcej)tional cases, such as beeswax, higher temperature being required. 
The temperature should, however, always be stated distinctly. 

The presence of free fatty acids in oils and fats appears to affect 
the refractive index to a marked degree. Thus a sample of Californian 
olive oil' containing 44-4 per cent of free fatty acids, had the refractive 
index 1-4672, whereas a large number of similar oils containing only 
small amounts of free fatty acids gave 1-4711. 

The following table contains a number of refractive indices observed 
with the aid of the Abbe refractometer, the oleo-rcfractometer, and 
the butyro-refractometer respectively. Following the .system of 
classification adopted in this work, they are arranged in the order of 
the iodine values of the oils, fats, and waxes, so as to show at a 
glance whether a correlation can be established between the iodine 
number and the refractive power. No definite relation, however, 
exists.^ More complete data will be found in the tables accomjianying 
the description of the individual oils, fats, and waxes in Vol. II. Chap. 
XIV. It is noteworthy that the oils belonging to the “ Terrestrial 
Animal Oils ” deviate in the oleo-refractometer to the left. Too few 
observations have, however, been made to permit the conclusion that 
terrestrial animal oils could be readily differentiated from vegetable 
oils by their behaviour in the oleo-refractometer. 

* Tolman and Munson, Joum. Amer. Chem, Soc.^ 1903, 965. 

^ Ci>. E. Durier, AimuI. cles FaUiJic., 1909, 489. 
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Refractive Index. 

Oil. 

Class. 

Group. 


n 

D 

Oleo-refractometer. 

Butyro- 

rofractometer. 




•c 


*C. Degrees. 

"C. Degrees. 

Perilla . 

Drying oils 


le 

1-4825 



Liusoed . 



1C 

1-4835 

22 -f 50 to-t 64 

20 84-90 

Tung• 
® l.Ja2)aneso 


1 

[ 00 
20 
20 

1 -4660 
1-6179\ 
1-6063 /, 

22 +76 

40 72-5 

Candle nut . 
Stillingia 



23* 

: ::: 

22 4-34 to-t 37 

20 78-5 

25 76 

36 76 

1-4826 1 





1-4804 1 


Arbutus uncdo 
SalHower 



16 

20 

20 

00 

22 +36 to-136 

40 64-8 

1-477 

1-4758 

1-476 

1-4586 

Kaya 

Inukaya. 

Poppy seed . 



12 j +30 to+ 35 

40 65-2 

40 63-4 

Asiiaragua seed 





.. 

iO 82 

Amoora 





•• 

a 76 

Manihot. 





.. I 

0 64-6 

Melia azedaracli 






0 62-9 

Millet seed 





4 

0 65*1 

Niger seed 





2 -t 26 to+ 30 

5 70 




00 

16 

1-4611 ‘j 
1-4753 

0 63-0 

Service berry . 
Argeinonc 



2 +36 

5 72-2 




35 

25 

1-4769 

1-4796 


0 62-5 

Strawberry seed 
Hawthorn seed 





Currant seed . 





4 

0 67 

Mulberry seed 





4 

0 62 





4 

0 63-9 

Oameline. 

Pumjikin seed . 

Maize (corn) 

Semi-drying 

oils 

Cotton .seed 
oil group 

1 

16 

2 

1-47665 

^ +32 

2{ 

70-2-72-6 



\ 

20 

1-47625 



Beech nut 



20 

1-48825 .. 


74-5 

Kapok 




2" 

16-5 to 18 


Cotton seed 



15 

1-4743- 2*1 

41 

61-3 



■H7to+23 26 

67-6-69-4 




16 

1-4752 

4< 

68-0 




1-4748- 2i 

+13 to +17 25 

68 

Lnlfa seed 




1-4762 



Croton 



26 

1-4781 22 

41 

62-0 



+ 36 27 

77-6 

Mucuna . 





40 

68 

Curcas, purging nut. 



25 

l-46k- 

25 

26 

66-2 

65 

Tomato seed . 




1-4687 

40 

66-6 






40 

63 

Spindle tree 



N 

M 

■[■1 




II 



52 
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Oil. 

Class. 

Group. 

Befractive Index. 

”d 

Oloo-rehactometer. 

Butyro* 

refractometer. 

•0. 


•0. 

Dogroes. 

■0. 

Degrees. 

Garden cress . 

Semi-drving 

Rape oil 





40 

60-5 

Ravison . 

oils 

group 



22 


20 

73-74 

Hedge mustard 







26 

70-6-71-6 

Rape (colza) 



15 

1-4720- 

22 

-1-16 to -t20 

26 

68 





1-4767 





Black mustard. 



15*6 

1’4672 



40 

59-6 

White mustard 



I6'5 

1-4760 



40 

68-6 

Radish seed 







40 

67-6 

Jamba 







25 

67-2 

Small fennel . 

Non-drying 






40 

58-6 

Quince 

oils 



1-4729 



25 

68-5 

Apricot kernel. 



20 

1-4712 



25 

66-6 

Plum kernel . 





... 


25 

. 68-1 

Peach kernel 





22 

-47-6 to -411-6 

25 

66-1-67-2 

Almond 



CO 

1-4555 

22 

+ 8 to - 1 - 10-6 

25 

64-4 

W lieat meal 



25 

1-48.51 



25 

92 

Acorn 




1-4731 





Californian nutmeg . 




1-4766 





Arachis 



60 

1-4645 

22 

+ 4 to +7 

25 

66-67-6 

Rice 







26 

68-2 

Tea seed . 





22 

+ 8 



Tsnbaki . 



20 

1-4679- 









1-4691 





Sasanqua 



20 

1-4691 





Njore-Njole 



22 

1 -4695 





Pistachio . 







26 

62 

Hazelnut. 







25 

61-2 







/ 

25 

63-84 







t 

30 

61-62 

Elderberry 



20 

1-472 





Olive 



16 

1-4698- 

22 

0 to +3-6 

25 

62-4 





1-4716 



40 

63-6-66-4 

Olive kernel 



26 

1-4682 





Calophyllum . 







40 

76 

Coffee berry 



25 

1-4777 



25 

79-81-6 

P>en.... 







40 

59 

Sterculia . 



40 

1-4654 





Paradise nut . 







16 

61-4 

Canari 







40 

60-3 

Secale 







25 

66 

Grape seed 


Castor oil 

25 

1-4713 



25 

69-4 



group 

60 

1-4623 



60 

64-6 

Castor 



15 

1-4799 

22 

+ 89 to +42 

25 

78 








40 

66-6 

Menhaden 

Marine 

Fish oils 





26 

80-7 


animal oils 






40 

71-8 

Japanese sardine 



20 

1 -4806 

22 

+ 60 to +63 

40 

68-6 

Salmon . 







40 

69-6 

Pilchard . 



... 



-482 to -436 
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Oil or Fat. 


Ood liver. 
Shark liver 


Seal. 

Whale 
Turtle . 

Dugong . 
Dolphin, body 
Porpoise, body 
Brown fish 


Chrysalis. 
Egg. 

Sheep’s foot 
Horses’ foot 
Neat’s foot 


Parkia 

Pongam , 
Laurel 

Margosa . 
Innkusu . 
Mowrah seed 
Njave 
Palm 


Nutmeg butter 


Phulwara butter 
Cacao butter . 
Chinese vegetable 
tallow 

Eokum butter . 


Palm nut. 
Cocoa nut 
Tonka butter . 


Myrtle wax 




j Reftoctlvo Index. 

Class. 

Group. 


"o 

Oleo'ranactometer. 

Batyro. 

refractometer. 



•c 

1 

*0 

Degrees. 

•0 

Degrees. 

Marino 

Liver oils 

15 

1-4800- 

22 

+ 40 to +48 

25 

7S 

animal oils 



1*4852 






22 

+ 29 to +85 




Blubber oils 



22 

+ 8 to +36 

40 

65 



20 

1 *4762 

22 

+ 42 to +48 

26 

66-68 


/ 

30 

1*4677 





1 

60 

1*4665 


/ 

26 

60*3 






... ^ 

40 

62 



15 

1*4708 



15 

67-7 






f 

26 

54*8 






i 

40 

46*3 







25 

62*7 

Terrestrial 


20 

1*4767 





animal oils 



1*4713 

22 

o’ 

25 

68'6 






- 6 to -12 





20 

1*4681 

22 

-1 to - 3 

20 

64*2 

Vegetable 

fats 





... ^ 

25 

40 

67-2 

68*8 







40 

70-78 



40 

1-4643 



26 

80 







40 

72 







40 

52 



26 

1*4'646 



40 

62*1 







40 

52 



60 

1*4510 






Myristica 

40 

1*4704 



40 

61-67 


group 













48*2 



60 

1*4406 



40 

46-47*8 







40 







-23 

50 

38 



26 

1*4628 






Cocoa nut oil 

60 

1*4481 



40 

36*6 


groui> 

60 

1*4410 



40 

84 








47 



80 

1*4363 

_ 
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Oil, Fat, or Wai. 

Class. 

Group. 

Refi'active Index. 

*0 

Oloo-rofipactometer. 

Butyro- 1 

refi'iictoinetor. | 

•c. 


-c. 

Degrees. 

“C. 

Degrees. 

Lyni 

Animal fats 

Semi-drying 





1 

70 

Wild duck 


fats 





4.5 

65-6 

Marmot . 







40 

59-4 

Horae 







40 

63-7 

Hare 







40 

49 

Rabbit (tame) . 


Non-drving 





40 

49 

Goose (domestic) 


fats 





40 

■tYlgrftBMl 

Human (adult) 







40 

49-6-53-1 

Lard 



m 

1-4539 

22 

-12-5 

40 

45-57 

Beef marrow . 







25 

66-3 

Beef tallow 



60 




40 

49 

Mutton tallow . 



m 






Butter 



60 

1-448- 

45 

-25 to -31 

40 

41-42 





1-445 





stag 







40 

44-6 

Sperm oil 

Liquid waxes 


I 

1-4650 

22 

-12 to -17-5 

40 

46-2 

Arctic sperm oil 





22 

-13 



Camaiiba wax . 

Solid waxes 

Vegetable 





40 

66-7-69 



waxes 







Wool wax 


Animal 

40 

1-4781 







waxes 


-1-4822 





Beeswax . 






... 

62 

29-5-30 




75 

1-4398 



40 

42-9-46-6 





to 1-44611 





The influence of food on the refractometer number of animal fata 
has been studied by PoUnske ; ^ he found that con.siderable quantities 
of cotton cake are required to produce (by feeding) an increase of 
the butyro-refractometer number in the case of hogs. Since the 
different foods considerably influence the proportion of unsaturated 
glycerides in animal fats (see Vol. II. Chap. XIV. “ Animal Fats ”) 
and the refraction of unsaturated acids is notably higher than that 
of saturated acids, the influence of food naturally shows itself in the 
rise of the refraction (see Vol. II. Chap. XIV. “ Butter Fat ”). 

The changes which arc produced in the refractive indices by the 
heating of oils and fats have been studied by Vtz. His results are 
reproduced in the following table :— 

’ Arbeikn a. d. Kaiserl. OfiuiidheitmmU, 1906, 567. 
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Original Oil 
or Fat. 

Heated One 
Hour In Water 
Oven. 

Heated Three 
Hours In 
Water Oven. 

Heated Ten 
Hours in Water 
Oven. 

Heated Two 
Hours at 

145’ C. 


£ 

•s ^ 

g'O 

S" 

il 

n| 

O 

Is 

(S 

is 

P 

«| 

Refractive 

Index. 

1^1 

3 W 

Refractive 

Index. 

£3 

£a 

o J 

£ 

2s 
■s-2 
n 1 

Refraction at 











20* 0. 











Cotton seed oil . 

1 '4780 

79*4 

1-4780 

79*4 

1*4799 

82*7 

1*4813 

85*2 

1*4825 

87*3 

Cod liver oil 

1-4778 

79*1 

1-4776 

78*7 

1*4804 

83*6 

1 *4805 

83*8 

1*4823 

86*9 

Olivo oil . 

1*4688 

64*5 

1*4689 

64*7 

1*4696 

65*7 

1*4696 

65*7 

1 *461)8 

66*1 

Sesam4 oil 

1*4730 

71-1 

1*4730 

71*1 

1-4731 

71*3 

1 *4732 

71*4 

1*4738 

72*4 

Refraction at 

40* 0. 











Butter fat (fresh) 

1*4636 

41-7 

1*4535 

41*5 

1-4638 

42*0 

1*4539 

42*1 

1*4548 

43*4 

„ (old) . 

Cacao butter 

1*4533 

41*3 

1*4534 

41*4 

1*4540 

42*3 

1*4549 

43*6 

1*4554 

44*3 

1-4537 

41*8 

1*4535 

41*5 

1*4570 

46-6 

1*4574 

47*2 

1*4583 

48*5 

Cocoa nut oil 

1*4497 

36*3 

1 *4498 

36*4 

1*4193 

35*7 

1 *4500 

36*7 

1 *4505 

37*4 

Lard . 

1*4608 

51*9 

1*4606 

51*9 

1*4605 

51*7 

1*4617 

53*6 

1*4625 

54*8 

THllow{Hoef) , 

1*4551 

43*9 

1*4550 

43*7 

1*4570 

46*6 

1*4580 

48*0 

1 *4.586 

48*9 

,, (Mutton) 

1*4550 

43*7 

1*4550 

43*7 

1*4568 

46*3 

1 *4.582 

48*3 

1*4588 

49*2 


]<or tlie changes in tlie refraction which oils undergo on blowing, 
see Chap. VIII. and Vol. III. Chap. XV. “ Blown Oils.” 

Procter'^ proposed to calculate the specific refraction of oils and 
fata. Little practical importance attaches, however, to this con.stant; 
hence the reader must be referred to the original paper.^ 


4. Rotatory Power of the Plane of Polarisation 

The earliest observations made by Bishop ® in a Laurent's sac- 
charimeter with a 200 mm. tube are reproduced in the following 
table :— 

Kind of Oil. llotation in Sacclmrimctor. 

Dfgroes. 

Almond oil, sweet . . . . . _ 0-7 


Aracliis oil . 



-0 4 

Colza oil (French) ‘ . 



-21 

„ (Japanese) . 



-IG 

Lin.sccd oil . 



-0-3 

Walnut oil . 



- 0-3 

I’oppy seed oil 



0-0 

Olivo oil . . . 



+ 00 

Sesam6 oil, cold oxprcssctl . 



+ 3-1 

„ „ warm expressed 



+ 7-2 

„ „ 1878 



+4-6 

„ ,, 1882 



+ 3-9 

». » 1882 



+ 9*0 

„ „ Indian . 



+ 7-7 


1 Journ. Soc: Chcvi. hid., 1898, 1023; cp. Lewkowitsch, ibid., 1898, 1025. 
^ Cp. also J. Klimont, Ztiis. f. amjtvo. Chenu, 1911, 264. 

* Journ. Soc. Chem. Ind., 1887, 760. 

^ Cp. Vol. II. Chap. XIV. “Rape Oil.” 
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Peter} who also used Laurent's saooharimeter, found that almond, 
rape, hemp seed, linseed, and poppy seed oils are Isevo-rotatory, whilst 
some specimens of arachis oil were dextro-rotatory, others again Isevo- 
rotatory. Thoerner ® examined almond, rape, linseed, arachis, and 
poppy seed oils in a 200 mm. tube in Wild’s polaristrobometer, but 
leaves it open to doubt whether definite rotations occur. For castor 
and sesame oils the numbers -i-6’4° and +1‘0° respectively were ascer¬ 
tained.® 

The foregoing observations seemed to point to the conclusion that, 
with the exception of castor oil (the rotatory power of which is satis¬ 
factorily accounted lor by the a.symmetric carbon-atom in ricinoleic 
acid), the optical activity was not caused by the glycerides themselves, 
but was due to small proportions of optically active substances, such 
as sitosterol (phytosterol) in the case of a laevo-rotatory oil. In the 
case of sesame oil, the dextro-rotation must be due to the presence of 
sesamin. With regard to “ Nux Vomica Fat ” see Vol. II. Chap. XIV. 
For an optically active dextro-rotatory substance in cottonseed oil see 
Vol. II. Chap. XIV. “ Cottonseed Oil.” 

In fish oils, liver oils, and blubber oils, slight rotations of the plane 
of polarisation to the left were observed (see Vol. II. Chap. XIV.). 
(Exceptionally, dextro-rotation has been recorded for porpoi-so body 
oil.) In these cases the optical rotation is attributable to small pro¬ 
portions of cholesterol contained in these oils. Lindner * has shown 
that in the case of some fi.sh, liver, and blubber oil the magnitude of 
optical rotation stands in direct proportion to the amount of cholesterol 
in the oils. The strong optical rotation of wool wax can only be due 
to the large proportion of cholesterol and isocholesterol it contains. 

The opinion which was therefore widely held that oils and fata 
themselves do not rotate the plane of polarisation, and hence that 
the determination of the optical rotation afforded little information 
of a discriminative nature, has been invalidated by the observations 
recorded in the following table :— 

Oil. OptiraJ UoUtion. 

Stillingia .... - 0° 4C'in 200 mni. lube. 

Chaulmoogra . . . [a]'^ „ 

Hydnocarpus, cxprc.ssod . . „ 

„ extracted . . 4-50-2® „ 

Lukrabo, expressed . . -f-42'5'^ „ 

„ extracted . . +51° „ 

The optical rotations recorded in this table are not caused by non- 
glyceridic substances, but are due to the configuration of the fatty 
acids themselves. In the case of chaulmoogra oil, Lewkountsch^ has 
shown that the optical rotation is even retained by the hydrocarbons 
which are formed on distilling this oil destructively. 

* ItiUL Soc. Chim., 1887, 483. Joiirn. Soc. Chem. Ind,, 1895, 43. 

‘ Cp. also Kakusin, Chem. Cenlr., 1905, ii. 523 ; Lytligoo, Jovm. Avier. Chem. Soc., 
1905, 887 ; Ilakusin, C/iem. Zeil.p 1906, 143. 

* Inaug. Dissert., Halle a. S., 1909. ® Berichte, 1907, 4161. 
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Since very few exotic oils and fats have been examined with regard 
to optical activity, it is not unlikely that a larger number of optically 
active fats may occur in nature than have been observed hitherto. 

Thus, a short time ago, the great importance which optical rotation 
has for the identifications of fats became apparent, when a new fat 
appeared in the market under the name of “ Marotti oil ” (“ Cardamom 
fat”) which had been used in the manufacture of margarine and 
produced toxic effects. The optical rotation observed on a specimen 
of this oil enabled the author to assign to it at once its place in the 
system of oils and fats, as one of the fats belonging to the “ Chaulmoogra 
oil group ” (Vol. II. Chap. XIV.). It may be added that the presence 
of the fat, even in small proportions in the margarine, could be readily 
detected by means of the polarimeter. 

It is therefore desirable not to omit the examination of new oils 
and fats for optical activity. 

From the point of view of their optical activity, oils and fats may 
be subdivided into two classes. 

(1) Oils and fats the optical activity of which is due to the presence 
of foreign active substances, such as sitosterol (phytosterol), cholesterol, 
sesamin, resins, methylheptylcarbinol, methylnonylcarbinol, etc. 

(2) Oils and fats the optical activity of which is due to the con¬ 
figuration of the fatty acids themselves, as in the case of castor oil 
and, especially, the oils belonging to the chaulmoogra group. 

It has been shown above (Chap. I. p. 18) that the naturally occurring 
triglycerides (as also a-monoglycerides and “ mixed diglyoerides,” 
p. li) may represent racemic compounds.^ 

With regard to the optical rotation of waxes cp. Vol. II. Chap. XIV. 
under “ Carnauba Wax,” “ Bee.swax,” and “ Rump Gland Wax.” 

It may also be pointed out that the optical examination in a polari¬ 
meter may assist in detecting optically active foreign substances. 
Thus in case a linseed oil bo found to be strongly dextro-rotatory, the 
presence of rosin oil may bo suspected. 


5. Microscopic Appearance 

Although the microscope has been frequently recommended lor 
the examination of fats and oils as to their purity and the detection of 
adulterants, microscopical examination has until recently been of 
limited use only. It was chiefly employed in the detection of beef fat 
in lard. Latterly it has also been proposed for the detection of cocoa- 

* Tlie statement ma<le by Neuberg and Rosenfeld, that they resolved monohexabromo- 
olein by means of a lipase into an optically active hexabroino-olein and an active 
dibromosteoric acid, has been shown by Lewkowitsch (Chem, Zeit., 1908, 64 ; Jahrbiick 
d, Okemie, 1907, xvii. 409) to be erroneous. 
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nut oil in butter fat (Cesttro,^ Hinks^). Some Belgian chemists, 
following Ceshro, seem to lay excessive stress on microscopic indications 
in the case of butter fat suspected of being adulterated with cocoa-nut 
oil. As this subject will be treated fully in Volume II. of this work, the 
reader is referred to the sections “ Lard ” and “ Butter Fat.” 

Microscopic examination is of great assistance in the investigation 
of the unsaponifiable matter. Thus pure, well-crystallised cholesterol 
and sitosterol (phytosterol) can be easily distinguished from each other 
under the micro.scope (sec Chap. IX.). 

The application of the polarisation microscope to the examination 
of oils and fats was, up till now, more restricted still in practice, and 
appears to be limited to butter fat. 

The examination of butter fat under the polarisation microscope 
was first carried out by J. Brown (in 1874) for the detection of margarine 
in butter. The principle of the method (described below as the 
Brown-Taijlnr-Richards method ; cp. Vol. II. Chap. XIV. “ Butter Fat ”) 
is based on the property of all optically isotropic substances (i.e. those 
which crystallise in the regular system, or which are amorphous) of 
being optically inactive under the polarisation microscope, whilst 
optically anisotropic crystals, a class to which appear to belong 
glycerides crystallising from the molted state, show different colours ® 
under the polarisation microscope, in consequence of double refraction. 


6. Spectroscopic Examination 

With the exception of palm oil, the more important oils and fats 
arc whitish or yellowish ; it is therefore impossible to detect any 
characteristic differences with the naked eye. On examining, however, 
the fats spectroscopically, characteristic absorption spectra arc observed. 
Although these are not due to the fatty substance itself, but to the 
presence of minute quantities of colouring matter.s, they may servo 
in some instances to distinguish different oils. Thus an admixture of 
vegetable oils with those of animal origin may be detected by the 
characteristic absorption bands which chlorophyll produces. Olive 
oil and linseed oil give three ab.sorption bands—a very dark one in red, 
a faint one in orange, and a distinct one in green. Sesame oil produces 
a weak band in red, whilst castor oil gives no bands at all.* 

Chautard subdivided the fatty oils into two classes, active and 
inactive oils, according to whether they absorb certain prismatic colours, 
or allow them to pass through unabsorbed. 

Doutner groups the oils, according to their spectroscopical behaviour, 
into four classes :— 

1. Oils showing the spectrum of chlorophyll: olive oil, hemp seed 
oil, and walnut oil. 

* Bull. Acad. roy. Bdgiqm, 1907, 1004. ^ Analyst. 1907, 160. 

® Cp. also Waiiters, Bull. Itoc. (Ihim. Bely., 1905 (19), 6. 

* Vogel, I'raktische Spcelralunalyse, 1877, 279. 11. Kriisa ainl P. Krilsa, Kolorinietrie 
und quantitative HpeklndaiiaXyH ivi ihrer Amvemlunej in dee Vhemie ; L. Voaa, 1909, 
Hamburg. 
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2. Oils without any light-absorbing power : castor oil and almond 

oil. 

3. Oils absorbing the “ chemical rays ” of the spectrum whilst the 

red, orange, yellow, and part of the green rays remain 
unabsorbed. On examining such oils, the spectrum from 
red to green appears, therefore, quite normal, whilst the 
other portions of the spectrum are invisible. To this class 
belong rape oil, linseed oil, and mustard seed oil. 

4. Oils showing ab.sorption bands in the different parts of the 

spectrum : sesame oil, arachis oil, and cotton seed oil.^ 

Zunc, who resumed the study of the spectroscopic behaviour of oils, 
adopts Chautard’s classilication.^ 

Lifschiilz^ propo.sed a spectroscopic test for the detection of the 
smallest quantities of oleic acid, for which, however, there is no need 
in technical analysis. 

Dnm and Golodelz * examined the absorption spectra given by 
cholesterol and isoeholesterol; they are of the opinion that it is possible, 
by a spectroscopic method, to recognise both cholesterol and iso¬ 
cholesterol in a solution of acetic anhydride. It is essential that free 
fatty acids be entirely absent, as they interfere very seriously with the 
absorption spectra of the cholesterols. 

Marcilk,^ who recently studied the absorption spectra of oils, arrives 
at the conclusion that vegetable oils do not show any essential difference 
as regards absorption spectra, as the only substance which produces 
the spectrum is chlorophyll. Since olive oil contains a much larger 
amount of chlorophyll than seed oils, olive oil can be easily recogiikcd. 
Hence Marcille proposes the .spectroscopic method for the recognition 
of olive oil in pre.served sardines. He is also of the opinion that the 
spectroscopic method would allow to distinguish between olive pulp 
oils (“ huiles de rcssence ”) and the quality of oil represented by “ huiles 
de grignon ” (sec “ Olive OU,” Vol. II.). 

7. Colorimetry 

The measurement of the depth of colour docs not play as yet the 
same important part in the examination of oils and fats which it does 
in the case of mineral burning oils. The commercial valuation as 
regards colour is therefore mostly based on inspection with the naked 
eye. In the United States, however, greater importance is attached 
to the scientific measurement of depth of colour. Thus “ prime summer 
yellow ” cotton seed oil is graded on the basis of indications furnished 
by Lovihond’s tintometer (see Vol. II. Chap. XIV. “ Cotton Seed Oil ”). 
if colorimetric measurements should acquire greater importance, 
Lmihond's tintometer is the instrument most likely to be adopted 
generally; other colorimeters such as Stammer's, Laurent’s, Gosse’s, 

* Cp. Kearick, AnnJyst, 1895, 136. ^ Analyse des Beurres, ii. 48. 

‘ Zeits. f. phys. Chem., 1908 (56), 446. * Uiachm. Zeits., 1909, 484. 

" Ann. des FtUsi/., 1910 (3), 423. 
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Wolf’s, HeeU-OaUenkamp’s, and Wilson’s cliromometer are used in 
the examination of mineral oils, but have not been applied yet generally 
to the examination of oils and fats.^ It may be added that Barbet 
proposed as a standard the colour shown by a one per mille iodine 
solution in a thickness of 1 cm. 


8. Viscosity 

Viscosity may be defined as the resistance the smallest particles 
offer to their sliding past one another, in other words, the viscosity of 
an oil is its internal friction. This internal friction by no means bears 
any known relation to the density of a liquid. A useful determination 
of the viscosity is based on Poiseuille’s law ^ of the flow of a liquid 
through a capillary tube. This law is expressed by the following 
formula: — 


is the coefficient of the internal friction or viscosity; 
the pressure on the unit surface of the orifice of the capillary 
tube; 

the radius of the tube ; 
the length of the tube ; 

the volume of liquid that has passed through the apparatus 
in t seconds. 

This law holds good only iil = 2r. 

For practical purposes it would be too tedious to use apparatus 
having capillary efflux tubes; hence, for the commercial examination 
of oils, the diameter of the efflux tube is usually taken somewhat large, 
and the height of the column of the liquid somewhat small. 

The viscosity is usually determined by ascertaining the times 
two equal volumes of the liquids under comparison take to flow through 
a narrow aperture under exactly the same conditions. It should be 
noted that the numbers so obtained are entirely arbitrary, giving no 
information as to the internal friction of the oils. Different apparatus 
—“ viscosimeters ”—give entirely differing numbers. Nevertheless, 
such numbers can be employed usefully for the identification of different 
oils. 

For a rough comparison, it may suffice to use a wide glass tube 
drawn out, at the lower end, to a narrow aperture about 2 mm. in 
diameter and having upper and lower marks for the exact measurement 
of the volume of liquid. 

In the earliest experiments, carried out by Schubler, a glass tube of 

^ Cp. also Procter, Journ, Soc, Ohm. Ind., 1910, 665 ; Autanrieth and KSnigaberger, 
Zdtt. f. ang, Chem., 1912, 1169. 

* With reganl to the determination of the absolute viscosity cp. Vol. HI. Chap. XV, 
“Lubricating Oils—Lubricants.” Apparatus for the doterrainution of the intomal 
friction have been constructed by Poiseuille, Petroff, Traube, and Ouchmann. 


where /xj 
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r 
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2 cm. diameter and 10 cm. height, having attached to it a narrow tube 
of 1-6 mm. diameter, was employed. The results are reproduced in 
the following table :— 


Name of Oil. 

Number of 
Seconds re({uired 

at 

Viscosity at 

+15* R 

+7-6* R 

+16* R 

+T-5* R 

Castor oil 

1830 

3890 

208-3 

877-0 

Olire oil . 

196 

284 

21*6 

31-6 

Colza oil . 

162 

222 

18-0 

22-4 

Wiuter rape oil. 

169 

204 

17-6 

22-6 

Beechnut oil 

158 

237 

17-6 

26-8 

White mustard oil 

157 

216 

17-4 

24-0 

Almond oil 

150 

209 

16-6 

23-8 

Summer rape oil 

148 

205 

16-4 

22-7 

Rape oil . 

142 

200 

15-8 

22-2 

Mustard seed oil 

141 

176 

16-6. 

19-4 

Summer rubsen oil . 

136 

198 

16-1 

22-0 

Poppy seed oil . 

123 

166 

18-6 

18-3 

Cameiino oil 

119 

100 

13-2 

17-7 

Sunflower oil 

114 

148 

12'6 

16-4 

Peach keiiiel oil 

93 

132 

10-3 

14-7 

Walnut oil' 

88 

106 

9-7 

11-8 

Linseed oil 

88 

104 

9-7 

11-6 

Hemp seed oil . 

87 

107 

9-6 

11-9 

Distilled water . 

9 

9 

10 

1-0 


On dividing the number of seconds required for an oil by that 
required for water at the same temperature, a number was obtained 
which was termed specific viscosity, or in short, viscosity. Thus the 
viscosity of castor oil, according to Schiibler, was -j- = 203-3 at 15“ C. 

In practice, the viscosity of oils is frequently compared with that 
of rape oil. Redujood ^ found, from a number of tests carried out with 
refined rape oil in his viscosimeter, that 535 seconds may be considered 
as the average number required for the outflow of 60 c.c. of refined rape 
oil at 60“ F. {16-5“ C.). 

Taking rape oil as a standard, and putting its viscosity = 100, the 
viscosity of any other oil under examination would then be found by 
multiplying the number of seconds required by the outflow of 60 c.c. 
by 100, and dividing by 635. In case the sample has a specific gravity 
differing from that of rape oil—0-916 at 60“ F .—Redwood introduces a 
correction by multiplying the result by the specific gravity of the 
sample, and dividing by 916. If » be the number of second for an 
oil under examination, and s its specific gravity, the following formula 
is arrived at:— 


Viscosity^! 


nxlOOx^ nxlOOxfi 
MSiTFlS 489626 ‘ 


Since, however, there is no correlation between specific gravity 
1 Jffum. 3oc. Cheiii. Ind., 1886, 127. 
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and viscosity (see above), I consider it more useful to record the numbers 
as obtained by direct determination of the viscosity. 

Engler uses water as the standard liquid ; 200 c.c. of water at 20° C. 
require 53 seconds to flow through his apparatus. If n be the number of 
seconds required by an oil under the same conditions, the quotient 
represents the “ specific viscosity ” of the oil in Engler’s apparatus. 

In order to obtain comparable results, complete uniformity of 
construction in apparatus is essential. Passing over a number of 
forms of apparatus that have been proposed from time to time,* I 
shall describe only three—those of Redwood, of Saybolt, and of Engler. 
The first apparatus has been adopted in this country by the War 
Department, the principal Railway Companies, and the Scottish Mmeral 
Oil Association ; the second is used privately,® but not officially, in the 
United States ; * and the third occupies, in Germany, a position similar 
to that of Redwood’s in this country. Barbey’s “ Ixometre ” is used in 
France. A description and illustration of this in.strumcnt will be 
found in the French edition of this work.* In Russia the Lamansky- 
Nobel apparatus is in general use.* 

Redwood’s viscosimeter^ (Fig. 29) consists of a .silvered copper 
oil-cylinder C, about 1| in. in diameter, by about 31 in. in depth. The 
bottom of this cylinder is provided with an agate jet D, the cup-shaped 
cavity of which can be closeu by means of the plug B, formed of a 
small silvered brass sphere attached to a wire. Inside the oil cup and 
at a short distance from the top there is fixed a small bracket F, termin¬ 
ating in a point. This serves as a gauge of the height to which the oil 
must be filled. A thermometer T is immersed in the oil and supported 
by means of a clip holding the plug E. The cylinder C is surrounded 
with a copper jacket J, having a closed side tube K, by means of which 
the liquid in the jacket can be brought to any desired temperature. 
The heated liquid rising from K is uniformly distributed through the 
bath by means of a revolving agitator worked by the handle H. The 
temperature of the liquid is controlled by the thermometer T'. The 


* Dollfus, Dingl. Polyt. Journ. 153, 231 ; Vogel, ibid. 168, 267 ; Fischer, ibid. 
236, 487. Lepeuau, Zeits. /. amhjt. Ckem. 24, 465 ; Napier, ibid., 1896, 361. See 
aUo Reilwood, Juum. Soc. dhem. lud., 1886, 121 ; Mills, ihUL, 1886,148 ; Hurst, ibid., 
1892, 418 ; Neumanii-Weii<ler, ibid., 1895, 596 ; Killing, ibid. ; Kedwood, Petroleum, 

1896, vol. ii. pp. 602-620. Meggitt, Jmm. Soc. (Jhem. hid., 1902, 106. For Coleman- 

Archbutt’.s viscosimeter see Arclibutt and Deeley, Lubrication mid Lubricants, p. 140 ; 
cp. also Hackel, Mitt. d. K. K. Technol. (Jev'crbe-Museum, Vienna, 1906, xv. 36, 44 ; 
Courtois' United State.s patent 788,251. Chenevier, Mhn. de la Svc. des lienees phya. 
et nat., Bordeaux, 1887, iii. 405. Schulz-Kolin, C/iem. Zeit., 1908, 891 ; French 
patent 388,671 (IV. H. Ilouston); K. Arndt, Zeit. /. Chem. Apparatenkunde, 1908, 
473, 500, 521, 549. W. Graff & Co., and H. Mikorey, German patent 207,177 and 
207,178 ; Add. patent to patent 205,236 ; Clum. Zeit. Rep., 1909, 178 ; A. Baldus, 
English patent 22,961,1910 ; I. Kurzmann, a new Multi-viscosimeter, Chem. Zeit., 1913, 
234. See footnote 4, p. 352. 

^ Some Railway Companies in the United States use Doolittle’s Torsion Viscosimeter. 

* Lewkowitsch, Technoloyie et analyst chimiques des huiles, graisaes et dres, 
traduit par E. Bonloux, Paris, 1906, p. 276. A table containing a number of 
observations will Ije found ibid. p. 283. 

® Laiaansky, iJiagl. Polyt. Journ. 248, 29. Lamansky’s viscosimeter has been 
improved In the Nobel [refineries at Baku, cp. Chem. Rev. iiber Felt. u. liarz-Indusliie, 

1897, 90. « Joum. Soe. Chem. Ind., 1886, 126. 
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whole instrument is supported on a tripod stand provided with levelling 
screws. Kg. 30 represents a plan of Fig. 29. 




Fig. 80. 


The viscosimetric observation is made in the following manner:— 
The copper jacket is filled with water, for temperatures up to about 
96“ C., and for higher temperatures with a suitable mineral oil, to a 
height corresponding with the pointer F in the cylinder C. After the 
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liquid in the bath has been heated to the lequiied temperature, the 
sample of oil, purified and dried, and previously brought to the same 
temperature, is poured into C, until its level just coincides with the 
point of the gauge. Great care must be taken that this level be reached 
exactly, and that the temperature remain constant during the observa¬ 
tion. A narrow-necked flask, holding 50 c.c. to a point marked on the 
neck, is then placed beneath the jet in a vessel containing a liquid of 
the same temperature as the oil. The 
plug is then raised, and the number of 
seconds required for 50 c.c. of the oil to 
flow out is carefully observed by means of 
a chronometer. At least two tests should 
be made at the same temperature ; if due 
care has been exercised, the two observa¬ 
tions will be found closely concordant. 

Alien ^ modified Redwood’s viscosimeter 
with a view to maintaining a given head 
of oil throughout the experiment.^ For 
this purpose the top of the oil-cylinder 
(Fig. 31) is fitted with an air-tight cap per¬ 
forated by two holes, one of which is 
furnished with a tap B, whilst into the 
other a tube is screwed air-tight. This 
tube C is prolonged on two sides till it is in 
contact with the agate orifice, whilst the 
angles of the inverted V-shaped slits, cut 
on each side, terminate at a definite height, 
D, above the orifice. The cylinder is com¬ 
pletely filled with oil before commencing an experiment, the tap B is 
closed, and the orifice opened till the oil sinks in the inner tube to 
the level D. Air then bubbles in regularly at D, and rises into the closed 
space above the oil; when this is observed to happen, the oil is collected 
in a graduated cylinder. When using this apparatus, there is no ncces.sity 
to collect exactly 50 c.c., because the oil runs through at a constant rate. 

The same principle has been adopted by E. Schmid ® in the improved 
Reischauer viscosimeter (see Fig. 32). 

These modified viscosimeters have, however, not been recognised 
officially. 

SayboU’s viscosimeter.* The oil vessel of this apparatus is placed 

* Joum. Soc. Chem. Ind.., 1886, 131. 

* For another “Constant Pressure Viscometer” cp. W. H. Patterson, Proceed. Ohem, 

Soc., 1913, 172. 3 ckevi. Zeit., 1885, 1514. 

The description of this viscosimeter is taken from Redwood, Petroleum, vol. ii. 
p. 608. Sayholt's viscosimeter is not obtainable in commerce ; it seems to be used 
exclusively, and privately, by the chemists of the Standard Oil Company. It is stated 
{Chemical Engineer, 1906, January) that three forms of the Saybolt viscosimeter, A, B, 
and C, are used. A serves for the examination of lubricating oils for dynamos and light 
machinery at 70“ P.; B for the examination of dark, heavier, and more viscous oils at 
70“ F.; C for the determination of the viscosity of cylinder oil at 200“ P. Tagliabue’s 
viscosimeter is an improvement of the Saybolt viscosimeter in so far that only one 
instrument is required for the examination of all kinds of oil. 
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in a water-bath of considerable capacity. The jet of the viscosimeter 
is of metal, and is enclosed in a tube extending below the orifice. The 
oil vessel is contracted, as shown (Fig. 33), above the jet, and is cut 
away longitudinally on each side, to expose a glass tube which lines it. 


Pit!, 32. 

Glass windows are provided in the water-bath. The upper edge of 
the oil vessel is fitted with an oil-tight gallery having a raised edge, 
and communicating by a number of small holes with the oil vessel, 
which extends to the same level as the top of the gallery. For use, 
the water-bath is filled with water at the required temperature, a cork 
VOL. I 2 A 
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inserted in the mouth of the tube enclosing the jet, and the vessel 
filled with the sample of oil, until it overflows through the hole.s into the 
gallery. The oil is then stirred with a thermometer, and the temperature 
adjusted if necessary. On withdrawing the thermometer, the oil 
which it had displaced flows back from the gtillery ; the latter is then 
completely emptied by means of a pipette. Tlie length of the oil 
column is, of course, determined by the position of the holes connecting 
the oil vessel with the gallery. The flow of oil from the jet is started 
by withdrawing the cork, and a stop-watch is set in motion. The 
watch is stopped when the operator sees the surface of the oil through 
the glass tube above mentioned. 




Enyler's vincosimeler ^ in its latest form, as designed by him in 
conjunction with the officials of the Charlottenburg Mechanisch- 
Technische Versuchsanstalt, is shown in Kig. 34. The oil vessel. A, 
is, as a rule, made of sheet bra.ss; for accurate determinations it is 
prescribed to u.se a viscometer, the inner surface of which is gold-plated. 
The vessel is closed by a cover. A', perforated by two holes, into one 
of which the thermometer t is fitted, whilst the other serves to receive 
the plug h. The delivery tube a projecting from the convex bottom of 
the vessel A must be exactly 20 mm. long, and 2'9 mm. in diameter at 
the top and 2'8 mm. at the bottom.® The delivery tube is preferably 
made of platinum, as in course of time brass is attacked even by neutral 
oils. The plug b is made of hard wood. Three pointers c .serve the 

‘ Journ. Sue. Chem. Ind,, 1893, 292. 

With regard to tlui intiuence of siiiall deviations from the dimensions given above 
cp. W. Meissner, Oum. J{ev., 1910, 202. 
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double purpose o£ indicating the correct level of the apparatus and of 
marking the exact volume of 240 c.c. The vessel A is jacketed, vessel 
B serving as a receiver for mineral oil, which may be heated up to 150° 
C. by means of gas supplied through tube d. As shown in the figure, 
this jacket also surrounds the delivery tube a, thus preventing loss of 
heat whilst the oil flows out. The instrument is fastened on to the 
tripod D. Flask C bearing two marks on the neck for 200 c.c. and 
240 c.c. respectively is placed under the efflux tube. 

Engler lays the greatest possible stress on the necessity of strictly 
adhering to the measurements given in Fig. 34.^ 

Recently Engkr's viscosimeter has been somewhat modified by 
the introduction of a stirring apparatus.^ 

In order to test the instrument, the time taken by the outflow of 
200 c.c. of water at the temperature of 20° C. is first determined. Vessel 
A is cleared with ether or petroleum ether and rinsed out with alcohol 
and water. Tube a is wiped out by means of a feather or filtering 
paper, and closed with the plug h. With the aid of the flask C, 240 c.c. 
of water are measured off and poured into vessel A. This .should then 
be adjusted exactly up to the level of the pointers c. The mineral oil 
in B is warmed to 20° C. The water in A must have the same tempera¬ 
ture. The dry flask C is placed under the delivery tube a, and when 
the temperature has remained constant, the plug is drawn and the time 
carefully noted (by means of a chronometer) which is required to fill 
the flask C up to the 200 c.c. mark. It is most important that the 
water in A should be completely at rest before the plug is drawn. The 
time required should be from 51 to 63 seconds for a correct instrument; 
repeated observations should not differ by more than 0'5 of a second. 

Before an oil is e.xainined, every trace of dirt and moLsture must 
be removed from A by wiping out carefully and rinsing successively 
with alcohol and ether (or petroleum ether); finally the apparatus 
should be rinsed out with tlie filtered and dried oil. The oil is then 
poured into A, up to the pointers c, and heated to the desired tempera¬ 
ture, at which it must be kept for at least two or three minutes before 
it is allowed to run out. 

The following table gives a comparison of results based on a number 
of experiments with the three viscosimeters : ®— 

* “The ltoriil.al jipp.ariitu.s” Ls timiuUacture<l mnler the joint control of the Charlotteu- 
Iturg Technisehe Anstalt ami the Karlsruhe Cheniisch.TecImisclie Vensuchsanahllt, ami 
may be al.ao had from C. Desaga of Heidelberg. According to Engler’s Btatement.s, 
apparatus from other source.^ are not ma<ie with the retiuiaite care, and give discordant 
results; cp. W. Meissner, Ohem. Iin\, IPIO, 1202. 

® Ubbelohde, CAcw. ZeiL, 1907, No. 4; cp. also ibiti. No. 3, ami Ubbelohde, 
Tabell/’it zuiit Kiifflersfhm Viskmimeier, Ijcipzig, 1907. 

^ Redwood, VctroUiun, vol. ii, p. 610. 


[Table 
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Viscosimeter. 

Secontis for outflow of 

60 c.c. at 70° F. 

200 C.C. at 20° C. 

Redwood’s . 

100 


Saybolt’s 

50 


Eiigler's 


170 


W. Meissner * gives the following table of comparison :— 




Scfiimls for Outflow in Viscosiuu'tois. 


At 




-- 


•'C. 

EiiKlcr’s 
21X1 c.c. 

Enfilcr’.s 
•JlK) c.c. 

Rcdwiiotl 
f.O C.C. 

Huyliolt* 

“ I’nivcrsftl" 
t)<) c.c. 

Water .... 

20 

Gl-2() 

51-39 

20-47 

2S-55 

llaj>e oil . 

50 

2:io-i 

2 :n-o 

142-5 

109-1 

Rape oil . 

20 

735 1 

730-() 

424-5 

515-0 

Lumcating oil 

150 

302-3 

302-9 

221-1 

258-0 

Lubricating oil 

120 

2525 

2527 

1490 

1759 


It will be seen that Engler’s viscosimeter requires much more time 
than either of the other two apparatus. The propo.sal has therefore 
been made to shorten the time by noting the number of seconds after 
50 c.c. or 100 c.c. have run out, and multiplying the number of seconds 
by empirically found “ constants.” Surely, it would be much .simpler 
to use an apparatus based on the outflow of 50 c.c. 

As a rule, the viscosity of a lubricating oil is determined at a temi)era- 
ture approximating to that at which the oil is actually used. Since 
Engkr’s viscosimeter has been found unsuitable for observatioms at 
elevated temperatures, Enyler and Kiinkler ® designe^J a “ viscosimeter 
for examination of oils under constant temperature.” This instrument 
is represented by Fig. .34. It is an octagonal jacketed air-bath made 
of sheet brass, 35 cm. high and 20 cm. wide. The feet a stand in the 
ring of a tripod, and the level of the air-bath can be adjusted so as to 
control the level of the liquid in the viscosimeter itself, which is con¬ 
tained in the upper portion of the bath. The flame of a Bunsen burner 
is made to impinge on the arched copper plate b, protected by a sheet 
of asbestos. Above this is placed the tripod c and the measuring 
vessel e, supported by d, and protected from direct radiation from b 

' ' C'hem. Rente, 1912, 33, U; 1913, 123. 

® Siuger, Hex\ uber die FeU- u. Ilarz-Jnduslne, 1807, 93, shows that the 

“ constants ” 5 for 50 c.c., ami 2‘34 for 100 c.c., give results agreeing with those found 
when allowing 200 c.c. to run out; L. Bdeleami and S. Didugea propose to run out 
20 c.c. only, Chem. Rev., 1910, 299; cp. also Oirerniann, Chem. Rev., 1911, 272. 

Jour7i. Soc, Chem. Jnd., 1890, 654. 
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by the asbestos plate /. Above this is the dividing plate g, supporting 
the four oval tubes i and the viscosimeter k. Plate g is perforated by 
the large hole h, through which the oil flows into the measuring vessel. 
Circulation of hot air into the upper chamber takes place through h, 
as also through the four oval tubes i. Through the cover of the instru¬ 
ment pass the thermometers u, s, the axis of the stirring apparatus 
with the plug t for the delivery tube, and the jacketed funnel v lor 
introducing the oil, previously heated to the required temperature 
in the can H, which is also provided with a stirring apparatus and a 
thermometer fixed in its hollow axis. Windows I and m, are fixed in 
the cover and also in tlie side ; so that the level of the oil in the viscosi¬ 
meter and the flow of the oil into the measuring vessel e can be observed. 



The method of using the instrument, and the manipulations required 
for making an observation, need no detailed description. The fact that 
the apparatus satisfies the required condition of constant temperature 
is proved by the following observation ; If the empty viscosimeter be 
heated to 100° C., the temperature is equable and constant in all parts 
of the bath, with the exception of the lowest stratum of air in k itself, 
owing, no doubt, to the absence of circulation. This drawback, how¬ 
ever, disappears with the introduction of the oil. At temperatures 
exceeduig 100° C., the air above the oil vessel has a somewhat lower 
temperature, but the difference docs not amount to more than 4° C. 
at 150° C.i 

* A similaT principle is made use of in Marten’s viscosimeter, JUitt. KOnigl. Trchnisch, 
Vei'sucksaTtut., ikrUii, 1^89, Erganzungsheft, v. 6. 
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A description of Kunkler’s viscosimeter for the examination of 
small quantities of lubricating oils will be given in Vol. III. Chap. XV. 

Trauhe ^ condemns the viscosimeters described here on the ground 
that, theoretically, it is not permissible to compare the respective times 
of delivery of heavy and light oils, and still less the times of delivery 
of oils and water observed in one and the same apparatus. For a 
description of the apparatus by which Trauhe proposes to replace the 
viscosimeters at present in use, the reader must (insult the original 
|)apcr. 

The vi.scosimetric examination of fatty oils does not furnish results 
of a discriminative nature, and the somewhat exaggerated details, the 
observance of which is recommended especially with the lingkr 
viscosimeter, vastly overestimate the practical importance of the 
vi.scosimetric determination ; ^ only sperm oil, a liquid wax, is very 
characteristic in thi.s respect (cp. Vol. II. Chap. XIV.). For this reason 
sperm oil was used as the standard lubricant for all classes of light 
machinery before the use of mineral oils had become general. 

The following tables give the viscosities of .sperm oil, of some fatty 
oils, and of mineral oils largely used for lubricating purposes. It will 
of course be observed that the figures given by different observers 
vary. This is no doubt due to the dilference of the specimens under 
examination. 


’ Jonrn. Sue. CTrwi. Ind., 1887, 411. 

“ Cp. W. Mciftsiier, t'hem.. Rec., IDIO, ‘J02. 
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Viscosity of some Fatty and Mineral Oils in Redwood’s Viscosimeter 


50 c.c. of water at 60' F. reiiuire 2r)‘.'j seconds. 


‘F. 

Ttapo 

Oil. 

Itti lined. 

Sperm 

Oil. 

Neat's 
Foot Oil. 

Beef 

Tallow. 

American Mineral Oil. 

Russian Mlneial Oil. 

8p. tjr. 
0-SS5. 

8p. gr. 
0*913. 


Sp. gr. 
0-909. 

8p. gr. 
0-915. 

ap. gr. 

0-a34. 

50 

712*5 



_ 

145-0 

425*0 

1030*0 

2040*0 

2520*0 


60 

540*0 

]7'7*0 

470*0 


1050 

295*5 

680*0 

1235*0 

1980*0 


70 

405 0 

136*8 

366*0 


90*0 

225*0 

485*0 

820*0 

1320*0 


80 

326'0 

]13*0 

280*0 


73*0 

171*0 

375*0 

580*0 

900*0 


90 

260*0 

96*0 

219*25 


63*5 

136*0 

262*0 

426*0 

640*0 


100 

213*5 

80*5 

174*75 

_ 

54*0 

111*0 

200*0 

315*0 

440*0 

1015*0 

no 

169*0 

70*5 

147'4 


.50*0 

89*5 

153*0 

226*0 

335*0 

739-5 

120 

147*0 

60*5 

126*0 


47-0 

78*0 

126*0 

174*0 

245*0 

531*0 

130 

123*5 

57*0 

112*0 


44-75 

63*5 

101 *0 

135*5 

185*0 

398*5 

140 

105*5 

50*75 

88-4 


41*0 

58*0 

82*0 

116*0 

145*0 

317*6 

150 

95*5 

49*0 

75*5 

_ 

37*5 

5-2-0 

70*5 

95*0 

115*0 

250*0 

160 

85*0 

47*5 

70*0 



46*0 

63*5 

83*5 

93*5 

200-0 

170 

76*0 

46*0 

62*0 




58*0 

70*5 

77*5 

161-0 

180 

69-0 

44*5 

66*5 




52*5 

61 *5 

67*5 

134-6 

190 

64*5 

43*0 

53*0 




47*0 

56*5 

61*0 

115-5 

200 

58*5 

42*0 

.50*4 

54*75 



42*0 

48*5 

64*0 

99*25 

210 

51*0 

40*75 

48*5 

... 



40*0 



85*0 

220 

50*0 

39*0 

47*0 




38 0 



77-0 

230 

47*25 

36*75 

45*8 







70*5 

210 

45*5 

35*75 

44*6 







64*5 

250 

43*25 

31*75 

44*0 

10 






69*25 

260 


33*75 

43-6 







54-0 

270 


32*75 

43*0 







48*5 

280 


31*85 

41*5 







46*5 

290 


30*75 

41*0 

... 






44*25 

300 


30*0 

38*0 

_ 






42*4 

810 


... 

35*0 








320 


... 

33*8 









[Table 
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CHAP. 



Specific 
Gravity 
at 00 ’ F. 

Viscosity 

(lledwood's Viscosimeter). 

Flash 

Point. 

Close 

Test. 

Cold 

Test. 



70-F. 

120- P. 

180’ F. 

•F. 

•F. 

lUJltud MineTtil Oils— i 

Scotch .... 

0-890-0-895 

Standa 
Sperm 0 
lOO-lSO 

nl for Visec 
il at 70’ F. 

40-60 

sity. 

= 100. 

820-360 

82 


0-8li5-0-890 

75-100 

85-40 


800-326 

82 


0-875-0-880 

50-00 

25-30 


300-325 

82 

Aiuericaii .... 

0-915-0-920 

400-426 

90-100 

35-40 

375-425 

82 


0-905-0-910 

200-225 

55-6.5 


850-400 

32 


0-88r)-0-800 

75-100 

35-40 


326-3.50 

82 


0-875-0-8S0 

65-76 

50-35 

•• 

325-350 

82 

UuEsiaii .... 

0-9100-915 

1200-1500 

200-250 

50-70 

400-425 

25 


0-906-0-91-2 

700-800 

126150 

45-50 


25 


0-89.5-0-900 

220-250 

60-65 


825-350 

15 


O-895-O-yOO 

125-175 



800-825 

10 

.Yo^iiro! (dart) }Hneral Oils— 
American siunmer, dai k . 

0-800.0‘895 

Stands 

Tallow 

rdfor Vise 
at 180’ F. = 

2.50-300 

isitv. 

-100. 

70-75 



„ moiiiuin . 

0-S80-0-8S5 

65d-’700 

110-1-25 

40-50 

360-400 

25-30 

Uuasian residuum 

O'880.0-8.S5 

350-400 

90-100 

35-40 



0-910-0-915 

750-1000 

1.50-200 

45-00 

250-300 

26-30 

Naturtd, and Filtered Mineral 
Oils — 

American heavy dark 

0-900-0-905 


17.50-2000 

850-400 

600-O60 

40-45 

,, extra dark 

0-''(l0-U-9O5 


2( *00-2.500 

400-450 

52.5-.575 

35-40 

„ medium dark . 

0-895-0-900 

.. 

1-200-1400 

800-350 

500-625 

40-45 

„ heavy llltered . 

()-800-0-895 


1400-1500 

300-350 

600-550 

tiO.70 

„ medium llltered 

0-.S9()-0-89r> 


1000-1200 

250-300 

.600-525 

0.5-70 

„ light llltered . 

0-885-0-8y0 


88.5-100(1 

200-250 

450-500 

75-80 

,, tUiiil llltered 

0-885-0-8'90 


1200-1400 

300-850 

.500-550 

40-45 

» 

0-885-0-890 


900-1000 

225-276 

450-500 

45-50 

Southern sperm oil 

0-8807 

100-1 

45-4 


457-5* 

41-7 

Arctic sperm oil 

0-8804 

105-.8 

47-2 


410-2* 

39-2 

White whale oil 

0-9207 

187-7 

71':i 


4-C-O*' 

27-2 

Neat’s foot oil ... 

0-9178 

247 

82-4 


470-3* 

34-4 

I>ard oil. 

0-9172 

223-2 

79-4 


493-9* 

89 •« 

Olive oil. 

0-9167 

213-2 

75-0 



27 

llaiH) oil, East India, refined. 

0-016 

250-4 

88-1 


478-6* 

26-4 

„ ^ Black Sea, refined . 
Cotton seed oil, refined . 

0-9209 

226-9 

78-S 


46.6-4* 

27 

0-928.5 

l!*0-4 

69-8 


623 • 

30 

Cs-stor oil ... . 

0-963 

2500 

890 


487 * 

0 


1 Cp. Carptnlcr-Lcask, pp. 


* Moaii Valtu's. 


Viscosities of some Oils atid Fats (Crossteij ami Le Suair) 


l~ 

Kind of Oil. 

Number of Seconds 
in Redwood’s Vis¬ 
cosimeter, SOc.c. of 
water at 70’ F. 
=25'4 Seconds. 

Kind of Oil 
or Fat. 

Numiier of Seconds 
in Redwood's Vis- 
ecsimeter, 50 c.c. of 
watAir At 70* F. 

= 25'4 Seconds. 

Linseed 

212 

Garden cress 

322 

Tung . 

868-1433 

' Radish seed 

885 


(water 28 sec.) 

Arachis 

307-429 

Walnut 

232 

Olive . 

312 

SafHower 

249-1.294 

Mahiia 

90-107 

Poppy seed . 

254-259 

Phulwara . 

110-4 

Amoora 

376 

Malabar tallow . 

101-104 

Niger seed . 

263-293 

Kokum butter . 

101 

Argemone . 

269-272 

Cocoa nut ; 

64 
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Kind of Oil oc Fat. 

Specific 
Gravity at 
17-5* 0. 

Viscoalty (Kiiglcr's ViacoBiiiietcr). 

20*0. 

60*0. 

100*0. 

160*0. 

llap« oil, criule 

0-920 

9*03 

4*0 

1*78 

1*34 

Ilapeoil, refined 

0*911 

11*88 

4*9 

2*05 

1*40 

Olive oil . 

0*914 

10*3 

3*78 

1*80 


Castor oil. 

0*903 


16*46 

3*01 


Linseed oil 

0*930 

6-36 

3*2 

1*76 


Tallow 

0*951 


.5*19 

2*50 

1-73 

Neat’s foot oil . 

0*910 

11*63 

4*44 

1*92 



Kind of Oil or Fat 

Specific 

Flaslt Point. 

Viscosity 

(Engler’s Viscosimeter). 

17-S' C. 


At .'■.0* C. 

At 100' C. 

Russian (^liiider oils 
,, machine oils 
,, spindle oils. 

American cylinder oils 
,, machine oils . 

,, spindle oiLs 

Rape oil, crude 
,, ,, refined 

Olivo oil. 

Castor oil .... 

Linseed oil ... . 

Tallow. 

0*911-0*923 

0*893-0*9*20 

0*893-0‘89.i 

0*886-0*899 

0*884-0*920 

0*908-0*911 

0*920 

0*911 

0*914 

0*963 

0*930 

0*951 

183-238 

138-197 

163-167 

280-283 

187-260 

187-200 

265 

305 

305 

275 

285 

265 

10*2-16*2 

6*8-6*3 

3*l-3*4 

4*2 

3 *1-3 *3 
1*0 

4*9 

3*7 

16*4 

3*2 

5*2 

2*0-2*8 
1*6-1*8 
1*4-1*5 
4*l-4*8 

1*6 

1*4-1*6 

1*7 

2*0 

1*8 

3*0 

1*7 

2*5 


A correlation between viscosity and iodine value is 
following table due to Crossky and Le Sueur: *— 


shown in the 


Kind of Oil. 

Iodine Valre. 

Viscosity 

<UcdvvcH)d's Viscoahiieter). 
Number of Seconds 
at 70* F. 

Arachis. 

92*43 

98*42 

429*3 

347*0 


98*47 

850*1 


100*82 

306*9 

Argemono .... 

119-91 

122*53 

272*0 

268-9 

Rape. 

94*10 

96*66 

464-6 

413-8 


96*75 

402*0 


96*25 

393*2 


101*82 

379*3 


101*84 

371*8 


This correlation, however, is not shown by the numbers recorded 
in the preceding tables. 

1 iS’oc. Oheift. Ind., 1898, 990. 
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The viscosity of a mixture cannot be calculated from the viscosities 
of the components ; in other words, viscosity is not an additive property. 
F. Schulz ^ has calculated an empirical formula for liiyUr’s vi.scosiineter, 
basiufi himself on three experiments made with oils of widely differinj> 
viscosities as measured in Engler's apparatus. 

Such an empirical formula may prove useful in practice, if it be 
required to prepare for commercial purposes (tenders) a mixture of a 
predetermined viscosity. //. C. Sheniinn, T. T. Gray, and H. A. 
HaminerscMay ^ also find that the Eugkr viscosity numbers were always 
lower than calculation would indicate. 


9. Consistence 



It has been pointed out already that any attempt to base a classifi¬ 
cation of oils, fats, and waxes on their consistctu^c must load to failure. 

The consistence of a fat is implicitly given by its melting 
and solidifying points. 

Hence methods employing consistence as a means 
of examination have very limited application, and at 
best can only be used to di.scriminatc various specimens 
of one and the same kind of oil. But even in those 
cases the determination of the solidifying and melting 
points of tlie oils themselves, or of their fatty acids, 
leads to more decisive results. 

The first attcmjits to employ the determination of 
the consistence for analytical purpo.ses were made by 
Serra Carpi and by Ijcgler ; in both cases the method 
was ju'oposed chiefly for the examination of olive oil. 

Serra Carpi ^ places on olive oil, jn'cviously cooled 
to - 20° C. for three hours, a cylindrical iron rod 2 inm. 
in diameter and 1 cm. long, and conical at the bottom. 
Weights are then put on to the rod until it sinks 
completely into the fat. Thus, for t)ure olive oil 17(X) 
grms. and for cotton seed oil 2.5 grins, were reifuircd. 

Whilst Serra Carpi examines the oil itself, Leglcr 
propo.se3 to treat it first with nitrous acid so as to ])ro- 
duce the harder elaidin (see “ Elaidin Test,” Chap, VII.). 
He recommends the apparatus * shown in Fig, 36, which 
consists of a strong glass tube A, wherein a stout glass 
rod is allowed to slide. The rod is widened at a into 
a di.se holding down a spring, which easily responds to 
a weight of 20-50 grms. placed on the top B. The 
point to which the gla.s3 rod sinks by its own weight 
is marked on the rod by 0 ; from there upwards, marks 
indicating millimetres are scratched on the rod. The 
same principle and substantially the same apparatus have been recom- 



Fig. 


Chem. Revue, 1909, 297. ® Jowrn. Soc. Chen. Ind., 1909, 13. 

^ Zeits. f. analyt, Chen. 23, 600. 
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mended by BruUe^ (for the examination of butter). ^ proposes 
three forms of apparatus, and lays down the following’ rules, strict 
adherence to which he enjoins:— 

(1) The rod must de.scend in an absolutely perpendicular direction. 

(2) It must slide in its bearing with the least possible friction. 

(3) Conditions of temperature must be constant. 

(4) Ve.ssels of one diameter must be used for the material under 

examination. 

(5) The rod must enter the centre of the vessel, or at a fixed distance 

from the circumference. 

(6) The same depth of material must always be used. 

(7) The material must be allowed to rest a certain fixed time before 

testing. 

With regard to testing the consistence of polymerised tung oil, 
cp. Vol. II. Chap. XIV. under “ Tung Oil.” 


10. Solubility 

Oils and fats dissolve readily in ether, carbon bisulphide, chloro¬ 
form, carbon tetrachloride, benzene, petroleum, and petroleum ether. 
The differences as regards solubility, however, are not so pronounced 
that individual oils and fats can be thereby differentiated. 

Hence, methods such as that recommended by Horsley ^ to differ¬ 
entiate butter fat from lard by the different solubility in organic solvents 
are either u.scless or of very limited applicability, and should only be 
resorted to in case all other methods fail. In BjorUmd's ether test 
(see Vol. II. Chap. XIV. “ Cacao Butter ”), or after a systematic 
fractionation of glycerides baa been carried out with a view to obtaining 
pure glycerides (.see Chap. XII.), differences in solubility furnish useful 
indications. In this connection it should be noted that diglycerides 
arc much more imsoluble in petroleum ether than are triglycerides.** 

Castor oil differs from all other natural oils and fata by its compara¬ 
tive insolubility in petroleum ether and paraffin oil (see Vol. II. Chap. 
XV. ” Castor Oil”). 

Castor oil further differs from all other oils and fats, which are 
nearly insoluble or very sparingly soluble in alcohol at the ordinary 
temperature,*’ in that it is readily soluble in alcohol. 

The solubility of most oils and fats in ab.solute alcohol at lb’’ C. 
does not e.xceed 2 per cent. The solubility in 96 per cent alcohol, 
or in more dilute alcohol, is smaller still.® 

Oils and fats containing glycerides of the lower fatty acids, e.g. 
porpoise oil, cocoa nut oil, palm nut oil, and butter fat, are considerably 
more soluble in alcohol than are those oils and fats which consist chiefly 

’ Joum. Soc. 0/iem. lad., 1893, 717 ; cp. also Klein, MiJrJimrtlisclia/l!. XentrrUU., 
1907 (3), 282. ’ Analyst, 1893, 218. 

•’ Ohem. jYews, 1861, 230. * 0. Corelli, Imng. Dissrrt., Zurich, 1909. 

® Cp. A. J. J. Vandevehle, Jiidl. Sue. Vkim. Beige, 1911 (26), 210. 
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of glycerides of oleic, palmitic, and stearic acids. Triacetin is easily 
soluble in alcohol. On this behaviour Mecke, Morrschoch, as also 
ArtioU, based a method for the detection of cocoa nut oil and palm 
nut oil in lard (cp. Vol. II. Chap. XIV. under “ Lard,” also under 
“ Butter Fat ”). On treating such fats as lard, tallow, butter fat with 
% per cent alcohol, the portion dissolved by the alcohol is richer in 
olein than is the undissolved portion. With regard to the different 
solubilities of cocoa nut oil and palm nut oil in alcohol as a means of 
differentiating these oils from each other, see Vol. II. Chap. XIV. 
“ Palm Nut Oil ” and “ Cocoa Nut Oil.” Oils consisting to a great 
extent of the glycerides of linolic and linolenic acids, as e.g. linseed oil, 
also exhibit a slightly increased solubility in alcohol. 

Since the solubility in alcohol does not furnish any discriminating 
value beyond the identification of castor oil, the determinations pub¬ 
lished by Girard and others need not be enumerated here. Besides, 
the numbers given by various ob.server8 are hopele,ssly discordant. 
This may be partly due to the presence of varying amounts of free 
fatty acids, whereby the solubility in alcohol is considerably increased. 
Alcoholic solutions of free fatty acids dissolve neutral oils and fats 
readily; as a rule, oils containing more than 50 per cent of free fatty 
acids are completely soluble in alcohol.* Thus, in the older literature, 
olive kernel oil was de.scribed as soluble in alcohol; it has since been 
shown that the alleged solubility was solely due to the large proportion 
of free fatty acids in the samples originally examined. In order to 
obtain reliable results it would be necessary to carry out determinations 
with oils and fats freed from free fatty acids. The age of the oils 
would also have to be taken into account, as oxidised oils (containing 
glycerides of oxidised acids) are much more soluble in alcohol than are 
the original glycerides; in this respect they approximate to castor oil. 
Furthermore, in the presence of notable amounts of lecithin as in the 
case of egg oil, the solubility of lecithin in alcohol causes the extracted 
fat to be more readily dissolved by alcohol than it would be, if free from 
lecithin. 

The following data, due to Oesdro,^ deserve recording:—Palmitin, 
.stearin, and olein are almost insoluble in !)1 per cent alcohol. At 
35° C. myristin is little soluble; laurin is easily soluble, and separates 
almost completely in the form of crystals, when the solution is cooled 
down to 13° C. The glycerides of lower carbon contents than laurin 
remain dissolved at 13° C. By means of alcohol it would therefore be 
po.s.sible to separate the glycerides into three groups, the intermediate 
group being soluble at 35° C. and imsoluble at 13° C. This group 
contains essentially laurin. 

At higher temperatures, the solubility in alcohol increases, and 
under suitable conditions of pressure and concentration of alcohol, 

^ Macquer showed in 174.') that the cause of tlic soluhility of oils and fats in alcohol 
was an acid substance {sr.. fatty ucid), and that the solubility increases with the propor¬ 
tion of this substance (sc. the free fatty acids). 

Bull. Acad. Hoy. Belyique, 1907, 1004. 
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and above a definite temperature, oils and fats form a homogeneous 
mixture with this menstruum. The temperature at which the mixture 
will just separate into its component parts is termed by Crismer the 
critical temperature of dissolution. (This is analogous to the critical 
temperature of gaffes.) 

Crismer ^ proposed the determination of the critical temperatures 
of dissolution as a means of differentiating oils and fats, and especially 
of distinguishing butter fat from those fats that are likely to bo used 
for its adulteration. Crismer places a few drops of the oil or melted 
fat in a glass tube 9 cm. long and 5-6 mm. wide, and adds about twice 
the volume of 90 per cent alcohol. The tube is then sealed, fixed by 
means of a platinum wire to the bulb of a thermometer, and heated in a 
bath of sulphuric acid or glycerin, until the meniscus separating the 
two layers has flattened to a plane. After heating a little longer, so 
as to allow the temperature to ri.se about another 10° C., the thermo¬ 
meter is withdrawn from the bath and rapidly turned up and down 
several times. It is then replaced in the bath, the source of heat is 
removed, and the tube observed carefully, whilst the thermometer 
is gently .shaken. The temperature at which a marked turbidity 
appears, is recorded as the critical temperature. 

If the critical temperature does not exceed ihe boiling point of 
alcohol (78° C.), an open tube may be used in place of a sealed one. 
Thus in the case of butter fat, 0-5 c.c. of the filtered fat, with twice 
its volume of absolute alcohol, is placed in a tube 7 to 8 cm. long and 
about 1 cm. in diameter. The tube is provided with a cork, fitted with 
a thermometer, the bulb of which becomes wholly immersed in the 
liquid on inserting the cork into the tube. The tube is gently heated 
in a larger tube, wliich serves as an air- or water-bath, until by agitating 
the contents a homogeneous liquid is obtained. The mixture is then 
allowed to cool, and the critical temperature determined as described 
above. 

This method has hitherto been used chiefly by Belgian chemists in 
the examination of butter (Vol. II. Chap. XIV.). 

The critical temperature of di.5.solution of a mixture is, according 
to Crismer, approximately the arithmetical mean of those of its con¬ 
stituents ; it may be calculated from the following formula :— 


T,„ - 


?iT,.f(100-«)Tj 

100 


whei'e 

T„, = the critical temperature of the mixture. 

'I'a = the critical temperature of the constituent a. 
Tj, =the critical temperature of the constituent b. 
« = the volume of constituent a in 100 volumes. 
100 -n — the volume of constituent 6 in 100 volumes. 


From the experiments made hitherto, the further deduction has 

' BnW. lie VAssoc. Mgc des Clumisles, 1895, ijt. 71, 143 ; 1896, is. 369; X. 312; 
cp. also LiSge Congris, 1906, section i. p. 323. 
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been derived that substances of the same natnre have practically the 
same critical temperature of dissolution. 

The critical temperature of dissolution in alcohol of 0-792 specific 
gravity at 20° C. has been determined by Cesaro ^ in the case of the 
following pure glyceride.s :— 


Butyrin 


. below - 10“ t 

Laurin 


„ :«) 0° „ 

Myristin 


40i5° „ 

I’almitin 


.. 560° „ 

Stenvin 


06-0^ „ 

Oldn 


„ 70-0° „ 


The observations recorded up to the present for natural oils and 
fats arc collated in the following table :— 


Critical Temperatures obtained with Alcohol, of specific gravity O-SIOS 
at 15-5° C. ’ 


Substance. 

1 

Number of 
Maniples. 

•c. 

Observer. 

Japanese fi-sh oil 


108 

Crismer and hlotteu* 

< otton seed oil 


115-116 


Col7.a oil . 


132-135 

Ci'isnier and Mottcu 

.Se.sann^ oil 


120-5 


Arachis oil 

i 

115-116 


Arachis oil 

2 

123 


Olive oil . 


123 

’ 

“ Animal ” oil . 


120 

Crismer and Motteti 

Sheep 8 foot oil 


102 


Neats foot oil . 


95 


Lard oil . 


104 

” 

Apricot kernel oil 


47*7 

Dieterich 

Cacao butter • 


126 

Crismer 

Cocoa nut oil • 


71-75 

” 

Butter fat 

14 

98-102 


Butter fat 

4 

98-103 

Horlant 

“ Alargarino ” . 


122-126 

Crismer 

Carnaiiba wax . 


154 


Beeswax . 

from various 

129-133 



sources 



Ozokerite 


175 


Paraffin wax, according to constitution 

140-160 


1 ami melting points 




! Oil of turpentine 


14 



• Bull. Acad. Roy. Belgique, 1907, 1004. ® Joum. Soc. Ckeni. Jnd., 1896, 300. 

3 Ibid., 1896, 562. 
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By using more dilute alcohol, higher values are obtained, as will 
be seen from the following table, due to Asbdth : *_ 


Critical Temperatures with Alcohol, of 90 per cent by volume, of 
specific gravity 0’8332 



Number of 
Baiiijites. 

Becomes 
jicrfcctly cU'iir 
at "C. 

Commences to 
biicomu dourly 
at 'C. 

Coininencps to 
form 2 biyers 
at 'C. 

Critical 

Teini'cinluro. 

‘C. 

Butler fat . 

7 

119-134 

117-.5-131 

113‘r).120 

111-5-115 

Butter fat . 

1 

124 

121 

116 

115 

“Margarine” 

2 

140.151 

138-148 

135-144 *5 

133'5-142 


If absolute alcohol be cin[)loyed, an open tube may be used, as 
stated already. The results obtained for butter fat will be given in 
Vol. II. Chap. XIV. under “ Butter Fat." 


The critic al temperatures of dis.solutinn in acetone have been studied 
by E. Louise and E. Eauvmjef II. Duperthuis ® proposes to use a 
mi.\ture of aniline and alcohol (1:4). 

For the application of the critical temperature to the differentiation 
of cere.sin from ])araffin sec Vol. 111. Chap. XV. “ Oeresin.” 

Valenta ^ classifies oils and fats into three groups according to 
their solubility in acetic acid. The test is carried out by thoroughly 
mixing ecpial volumes of oil or fat and glacial acetic acid, of specific 
gravity 1'0.562, in a test-tube, and warming the mi.xture, in case no 
solution has taken jilace in the cold. 

U't ffroup.—Comirletely soluble at the ordinary temperature (14° 
to 20° C.) : Castor oil. 

2nd Group. —Completely soluble, or nearly so, at temperatures 
ranging from 23° C. up to the boiling point of glacial acetic acid : 
Pumpkin seed oil, cotton seed oil, sesame oil, apricot kernel oil, almond 
oil, arachis oil, olive oil, cod liver oil, laurel oil, mowrah seed oil, palm 
oil, nutmeg butter, cacao butter, ])ahn nut oil, cocoa nut oil, bone fat, 
beef tallow, butter fat, beet stearine. 

3rd Group. —Not completely dissolved at the boiling point of glacial 
acetic acid, the oils belonging to the “ Rape Oil Group ” :—Rape seed 
oil, mmstard seed oil, hedge mustard oil, etc. 

The oils belonging to the second group may be further differentiated 
by gradually warming the sample with an erpial volume of glacial acetic 
acid with frequent shaking until complete solution is effected. A 
thermometer is then introduced into the liquid, and the temperature 
is noted at which turbidity appears. According to Valenta, the fats 

‘ Clam. ZeiL, 1896, 686. 

* C*mpl. renil., 1907, 145, 183; cp. also Ismiso, Compt. rend., 1909 (149), 284 ; 
Ann. ties Falsijic.y 1911, 302. 

’ AfUth. a. d. (Jeb. der LebeMm. n. Hygiene, 1911 (2), 05. 

* Journ. Soc. Chem. Ind., 1884, 643. 
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of the second group may be subdivided into two classes: the one 
embracing the following fats—palm oil, laurel oil, nutmeg butter, cocoa 
nut oil, palm nut oil, and mowrah seed oil; the remaining oils of,that 
group form the second class. The temperatures found by Valenta 
are given in the following table. 

Allen’s ^ and Hoton’s ^ observations, however, are not in agreement 
with those recorded by Valenta, as will be seen from the following 
table. Nor do the numbers given by Holon agree in every case with 
those found by Allen :— 


SolnhiliUj of Faitij Oils and Solid Fats in Acetic Add 


Kin<l of Oil or Fat. 

Temperature of Turbidity for equal 
Volumes of Oil or Fat and Glacial Acetic 
Acid spec. gray. I'OoO^. 


ValeiiU 

Allen. 

Hoton. 


•c. 

*0. 


Linseed oil . 


57-74 


Niger seed oil 


49 


Pumpkin seed oil . 

lo's 



Cotton seed oil 

110 

90 

76-85 

Sesami^ oil . 

107 

87 

87 

Apricot kernel oil . 

114 



Almond oil, sweet . 

110 



Aracliis oil . 

112 

87 

93 

[Yellow olive oil 

111 



1 Green olive oil (of second 




1 expression) 

85 



Menhaden oil. 


64 


Cod liver oil . 

101 

79 


Shark liver oil 


105 


Seal oil . 


72 


Whale oil . . . 


38, 86 


Porpoise oil . 


40 


Neat's foot oil 


102 


I.«aurel oil . . . 

26-27 

40 


Mowrah seed oil 

64-5 



Palm oil ... 

23 

83 


Nutmeg butter 

27 

39 


Cacao butter . 

105 

Insoluble 


Palm nut oil . 

48 

32 


Cocoa nut oil. 

40 

7-5 

7*6 

Tjard .... 


96-5 

102 

Bone fat (American) 

90-95 



Beef tallow 

95 



Oleomargarine 


96-5 


Butter fat . . . 


61-5 

40-S5 ’ 

Tallow stearinc (m. p. 




55*8" C.) . 

114 



Sperm oil . . . 


98-103 


Arctic 8j>erm oil 


. 102 

98-105 


... 


92-96 


The following table, comprising oils belonging to Valenta’s third 
group, more clearly brings out the same point:— 

* Journ. Soc. Chevi. Ind., 1886, 69 ; 282. 

* Bull. deUiSoe. Chim. de Belguiuf., 1904, 2. ^ Twelve samples. 







SOLUBILITY 


369 


Kind of Oil. 

Sr>eclHc Gravity at 


Obeerver. 


15'6* C. (water at 

Valenta. 

Allen. 

llunt. 
Temp, ot 
Tuit.l.ilty. 

Rapo 

0-9145 

Insoluble 

Insoluble 

*0. 

88 

Rape 

0-9168 



86 

Rape 

0-9132 



85 

Rape 




73 

Colza 

0-9162 



99 

Colza 

0-9131 



97 

Colza 




94 

Colza 


M 


94 

Colza 

0-9132 

■■ 


82 


Thomson and Ballanlyne} experimenting with acetic acids of different 
strengths, arrived at the following numbers :— 




Temperature of Turbidity with Glacial 

Kind of Oil 

P’reo Acid 
calculated 


Acetic Acid 

of 

Oleic Acid. 

Sp.Qr. 

Sp. Or. 

8p. Or. 



1-0542. 

1-0552. 

1 0562. 


Per cent. 

•c. 

•c. 

•c. 

Olive oil ('Cioja). 

9-42 

65 

80 

91 

Same oil, rree<l I'mm free acid 

none 

87 



Olivo oil (Syrian) 

23 -88 

42 


... 

Olive oil . 

i 5-19 

J 3-86 

78 

85 

96 

100 

iTi 

Arachis oil (commercial) . 

6-20 

76 

92 

112 

Araebis oil (Kreucli, refined) 

0-62 

96 

114 1 

Not completely 
dissolved 

! 


( 2-43 

no( 

Not completely 

Rape oil . 

dissolved 

i 

^ 4-64 

105 



Linseed oil. 

0-76 

61 

78 

90 

Linseed oil (Baltic) . 

3-74 

42 

59 

71 

Linseed oil (Flast India) 

0-79 

57 



Linseed oil (River Plate) . 

1-21 

56 




The figures of the last table prove that the aniouiit of free fatty 
acid in fats considerably inllucnces the indications of Valentus tost. 

Notwithstanding these serious discrepancies, VaUnta's test may, 
in conjunction with other tests, afford some valuable hints in the 
examination of an oil.^ 

The following modification of Valenta's test was proposed by 
Jean : ® Place 3 c.c. of the sample in a graduated test-tube of 1 cm. 
diameter, and immerse the tube in water at 50° C. Remove, by means 
of a finely drawn-out pipette, so much oil that exactly 3 c.c. remain 
(at the temperature of 50° C.). Next introduce, by means of a gradu¬ 
ated pipette, 3 c.c. of acetic acid, of the specific gi*avity 1-0565 at 15° C. 
(prepared from glacial acetic acid by adding thef requisite amount of 

* Journ. Soc. Chem. hui., 1891, 233. 

- Cp. also E. W, Pollard, Pharm. Joum., 1908 (27), 361. 

* Corps gras industnclS) 1892 [19], 4. 
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water), measured off at 22® C., warm the contents of the tube in the 
water for a few minutes, then cork well, and agitato thoroughly. Allow 
the mixture to settle out at 50® C. until two distinct layers are noticeable, 
and read off the volume of the undissolved acetic acid. The'volume 
of the acid dissolved in the fat is then easily calculated. Jean found 
the following results for the oils and fats enumerated in the table ;— 


Kind of Oil or Fat. 


Act-tie Acid (sj*. ^r. 1 tJOG,') 
at 1&' C.) dissolved. 

Arachia oil (Boiilam) 


Per cent. 

41-G.') 

Arachia oil (Gambia) 


43-0(1 

Colza oil . . . 


30-00 

Ravison oil . 


33-30 

Almond oil, sweet 


33-00 

Olive oil . . . 


35-00 

Walnut oil . 


30-60 

Cameline oil . 


.3600 

Castor oil . 


100-00 

Maize oil . 


100-70 

Befech nut oil 


53-3 

Poppy seed .oil (Iiulian) 


03-3 

Poppy seed oil (French) 


43-3 

Neat’s foot oil 


43-3 

Sheep’s foot oil 


30-(>0 

Horse fat . 


3008 

Lard .... 


20-6G 

Veal tallow 


20-00 

Butter, 9 samples of different origin 

03-33 » 

Cotton seed stearino 


40-00 

“ Buttcrine ” . 


31-60 

“ Margarine ” . . 


20 00 

Palm oil 


. 100 00 

Cocoa nut oil . 


. 100-00 


For further information the reader must be referred to the mono¬ 
graph on “ Butter Fat,” Vol. II. Chap. XIV. 

Hoton * resumed the study of the solubility of glycerides in 
acetic acid, but no decisive results have been obtained hitherto. It 
need, therefore, only be stated that when using acetic acid of 1-057 
specific gravity at 15® C. (containing 90-25 per cent of glacial acetic 
acid) Hoton found that cotton seed oil dissolved 20 per cent of acetic 
acid at 20° C., butter fat 40 per cent at 30° 0., and “ margarine ” 
20-25 per cent of acid at 30° C., whereas cocoa nut oil, if kept above 
its melting point, dissolved any proportion. 

The behaviour of some oils with carbolic acid was studied by Salzer.^ 
He adds the oil drop by drop, with constant shaking, to 10 c.c. of an 

« 

' Besides these nine saniples, all of which gave 63'33 per cent, two abnormal butters 
were examined, giving 68‘7 and 73'0 respectively. 

* Bull. fine. Chim. de Jielx/iqne, 1904 [18], 147 ; 1912 (26),.70 ; cp. Revue Tntemat. 
Falsific.y 1905 [18], 85. ’ Arch. d. Pharm., 227, 433. 
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87 per cent phenol solution (prepared from 373 grms. of crystallised 
phenol and 56-7 grms. of water contained in a graduated cylinder, 
until turbidity persists. (In liquefied phenol of a higher strength 
than 91 per cent, most oils seem to be equally soluble ; important 
differences only appear when employing weaker solutions.) In the 
following table Salzer's results arc reproduced :— 



Dissolved by 10 c.c. of a Solution 

Kiml of Oil. 


containing Flnmol. 


91 jirrcent. 

87 isT cent. 

S3 per cent. 



r.c. 

C.C. 

c.c. 

Almond oil. 


/ Min. 2 o 
\ Max. S r. 


Olive oil. 


j Min. 2*0 
\ Max. 3*0 


Rape oil ...... 

Linseed oil. 

4 


3 

Poppyseed oil. 


c-s 

Min. 2 

Croton oil. 

16 

8-5 

4-0 

Arachis oil. 

ir6 

4-8 

0-8 

Cotton seed oil. 

10*5 


1-0 

Sesame oil. 

10 

3-8 

0-8 

1 part of olive oil +1 jtt. of poppy seed oil 


4-8 


3 parts ofolive oil-f 1 pt. of poppy seed oil 

3 itartsofoliveoild-1 j t. of arachis oil . 


3-4 

3-0 


1 part of olive oil + 1 pt. of arachis oil . 


3-8 


9 parts ofolive oil H-1 part of rape oil 


2’1 

( Distinct 


Croton oil ..... . 


■{ turbidity 

( with 2*3 



Salzer claims to be able thus to detect adulterants in almond oil, 
cod liver oil, etc. The figures recorded in the table are not, however, 
such as will inspire confidence in this method; moreover, free fatty 
acids increase the solubility. Salzer's method can, therefore, at best 
only serve as a preliminary test. 

The solubilities of some fats in benzene as determined by Dubois 
and Fade are given in the following table :— 


Solubility of Solid Fats in Benzene 


Kiml of Fat. 

Mutton tallow 
Beef tallow 
Voal tallow 
Lard 

Butter fat 
Margarine 


lOrt grms. of BeiiMne 
dissolve at 12’ C. 


14-70 

16-89 

26-08 

27-30 

69-61 

12-83 


‘ This solution was first suggested by Crook {Zeits, /. analyt. Chm., 19, 369). 
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With regard to the behaviour of oils to dimethylsulphate cp. 
Chap. IX. 

The thorough study of the solubilities of oils and fats for the purpose 
of analysis is still a desideratum. No doubt the tediousness of “ solu¬ 
bility methods ” has hitherto deterred investigators from an exhaustive 
inquiry. Hence attention had been directed to the more promising 
problem of studying the solubilities of the fatty acids with a view to 
analytical separation (see Chap. VIJl.) and their salts. Thus the study 
of solubilities in alcohol of the potash soaps of different oils and fats 
was made by FreumUich ' (cp. also “ Solubilities of tfie lead soaps in 
common ether and petroleum ether/’ G. B. Neave.y Chap. III. p. 142). 

The use of esters to phthalic acid as a fat solvent, proposed by 
A. Hesse,^ tlierefore deserves attention. 


11. Electrical Conductivity 

The determination of the electrical conductivity was proposed 
by Palmieri^ as a means of detecting adulterants in olive oil. For 
this purpose a special apparatus termed “ diagometer ” was con¬ 
structed. 

Later on, A. Barloli ^ made an extensive examination of the electrical 
conductivity of oils and fats. The main rc.sults airived at are as 
follows : The conductivity of an oil increases with the rise, of tem¬ 
perature ; its amount varies, however, with the nature of tlie oil. 
Drying oils, when exposed to the air, ac(iuire a greater conductivity 
than non-drying oils. An increase, though to a smaller extent, is also 
observed in the case of non-drying oils, when tliey have become rancid. 
A table, arranged according to the magnitude of the electrical con¬ 
ductivity, begins with olive oil and ends with linseed oil. 

Solid fats, with the exception of lard, exhibit an increase of con¬ 
ductivity at temperatures from 170° to 220° C. Nutmeg butter is 
characterised by a sudden increase at the temperature of its melting 
point. A similar table of conductivities for the solid fats opens with' 
chicken fat and closes with nutmeg butter. 

The measurement of the electrical conductivity of the potash 
soaps obtained by saponifying an oil or fat was proposed by L. Herlant.^ 
It is of course essential to employ in each case the same amount of 
fat and alkali, and to dilute the solutions to exactly the same strength, 
as also to make all observations at one and the same temperature. 
For the examination, 10 gi’ms. of an oil or fat are mixed in a flask with 
45 c.c. of normal alcoholic potash and .saponified by heating for thirty 
minutes on the water-bath, under a reflux condenser. The alcoholic 
soap solution is then made up to 260 c.c. with distilled water and 
electrolysed. 

' Chan. Revue, 1908, 135 ; 160. German patent 227,667. 

* litnd. della Acc. di Napoli, 1881. ^ 11 nuovo Oiinenlo, 1890, toino 28, 26. 

® Joum. Hoc. Chem. Ind., 1896, 662. 
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The resistance which a cube having a side of 1 cm., filled with the 
solution, offers is termed the specific resistance r of this solution, and 
its injferse ratio ^ expresse.5 its specific conductivity. I'or practical 
purposes, comparison is made with the specific conductivity of a 
normal solution of potassium chloride, for which ‘ = 0-002244 at 18° C. 
If K be a coefficient depending on the trough, then we have for the 
potassium chloride solution ‘K = 0-002244, and for the specific con¬ 
ductivity of any other solution in this trough l = J,-t-K. 

The numbers obtained by licrlant are given in the following table. 
A few values for butter fat and “margarine” arc added here, as Herlaut 
believes that this method may be useful in the examination of butter. 
The third and fourth columns arc added in order to show that the 
conductivity stands in direct relation to the refractive index and the 
critical temperature :— 


Oil or Fat. 

S|)cciftc 
Con>lii<'livity 
at 18' C. 

RefractivB Inrlex. 
Ui-greea in Zbi'.ss’h 

On tyro-refraci • >me ter 
at 35” C. 

(>)tton seed 
Araeliis I. . 

„ 11. 

Si'saini^ 

Olive 

0-008629 

0-008700 

0-008741 

0-008779 

0-009927 

63 

58-25 

60-25 

63 

67-25 

Butter fat 1 

2 

„ 3 

„ 4 

Miirjfariiii! 1 

2 

!! 3 

,, 4 

0-006157 

0-006500 

0-006,507 

0-007010 

0-008221 

0-008159 

0-008472 

0-008489 

1 98-103 -| 

1 122 123 1 


Criticnl 

Tciiiperatiiin of 
Uissohition. 


115-116 

115-116 

123 

120-5 

123 


44-5 

45 

45 

48 

52-5 

56-5 

54 

58 


12. Calorimetric Examination 

The calorijnetric examination of oils and fats is not likely to find 
application in practical work, as the meagre information furnished 
thereby is out of all pro 2 )ortion to the labour involved in making the 
determination. It will be gathered from the following tables that this 
method is incapable of yielding such definite information as is readily 
obtained by a number of methods which can be carried out in a much 
shorter time without ret^uiring the use of complicated apparatus. 

With regard to tlic difference between fresh and rancid fats in the 
calorimetric examinationj cp. p. 58. 
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OHAP. 


Heats of Combustion of Fatty Acids 


AphI. 

Calories per Gram. 

Observer. 

Acetic .... 

‘206-7 

Stohmann * 

Hutyi'io (normal) 

520-4 


Valerio (normal) 

677-2 


Caproic .... 

830-2 


l)aprvlie .... 

1138-7 

Louj'iiininc- 

Capric .... 

1458-3 

Stolimaiiu* 

Laurie .... 

1771*8 

Louguinino 

Myristic .... 

1759-7 

2085-9 

Loui'uinine" 

Palniitic .... 

2061*8 

2398-4 

Stolimanu ' 

„ .... 

2371*8 

Louguiuinc “ 

Stearic .... 

2711-8 

Stolmiiinn* 

Arachidic .... 

3025*8 

„ 

Behenio .... 

3338-3 


Enicic .... 

3-297-2 


Brassidic .... 

3290-1 


Behenolic .... 

3255-1 


Diliydroxybeheiiic 

3235-5 



Heats of Cainbnslion of Olycerulcs 



Perl fimm-Molociile 
Constant Volunio. 

Ob.S(Tvcr. 

Trilaviriu .... 

5707-0 

Stohiiiaiin 

.... 

5707 -4 

Lougtiinine 

Trimyristin 

6650-5 

Stohniaiin, etc. 

Dierucin .... 

6607-9 

Lougiiiniiio 

0979-.5 

Stohmann 

Trienicin .... 

10-265-5 

Stohmann, etc. 

Dibrassidin 

6953-7 


Tribrassidiii 

10236 0 

” 


^ Stohiiiaim an<l cf»lla)iorators (KIuIkt, Lanybeiu, aiul Oirciiliaiu'r), /. 

Chem., 1885 (31), 2i»7 ; 1890 (4*2), 30“. 

^ Co7iipl. rand., 1886 (102), 1*210. 


[Table 
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Heals of Combustion of Natural Oils, Fats, and Waxes 


Oil or Fat. 

CaloridH pi'i- Gram. 

Constant 

Vuliime. 

Constant 

i’ressure. 

Observer. 

Linseed (1900) . 

93C1 

9379 

Sherman and .Snell* 

„ (1898). 

9379 

9394 

,, 

,, (several years old) 

9215 

9230 


Boiled linseed .... 

8810 

8824 

,, 

J'oppy seed .... 

9382 

9397 


Maize (1900) . . . . 

9413 

9428 


„ (1898) .... 

9438 

9411 

,, 

,, (crude) .... 

9119 

9434 

,, 

Cotton seed I. 

9398 

9411 


„ a. . . . 

9401 

9416 


„ la. 

9390 

9405 


,, I\’. (crude) . 

9897 

9412 

,, 

M V. . . . 

9:^38 

9351 


„ V).(old) 

9323 

9328 

„ 

,, VII. (very old) 

9168 

9183 

,, 

So.siiiiu5. 

939.5 

9410 


llane 1. . 

94vS9 

9.50-i 


a. 

9482 

9477 


,, III. 

9412 

9427 

,, 

Castor I. . 

8863 

8877 

,, 

,, II. 

8835 

8849 


Alinoiifl I. 

9454 

9469 


„ 11 . 

9311 

9326 

,, 

Araeliis. 

9412 

9427 

,, 

Olive I. 

94.57 

9472 

,, 

a . 

9-1.51 

9466 

,, 

C’ed liver (IVcs)i) 

9437 

9452 


„ (oiil) 

9277 

9292 

,, 

Shark liver (reiined) 

9380 

9375 

,, 

,, (crude) . 

9371 

9386 


Whale. 

9473 

9488 

,, 

CiK'ao butter .... 

9460 


Langbein * 


9005 


,, 


9503 


Stohniann 


9469 


Sherinnn and Snell 

„ (1900) . . . . 

9451 

9486 

„ (1899) . . . . 

9147 

9462 

,, 

,, ((uur to live years old) . 

9394 

9409 . 


,, (throe years old) 

9372 

9387 

Stohniann 

Beef. 

9485 


Mutton . . . . • 

9492 


r, 


9.503 


Sherman and Snell 

Sporuiaccii . . . . 

9946 

9961 


With regard to the heat of combustion of beeswax cp. Vol. 11. 
Chap. XIV. “ Beeswax.” 

The specific heat of a fat can be calculated, according to Kopp's 
law, from its elementary composition. This may be illustrated by the 
case of stearin, which for 76-85 per cent of carbon, 12-36 per cent of 

‘ Jmm. Amer. Chem. Hoc., 1901, 164. ^ Util./, migew. Chem., 19p8, 1070. 
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hydrogen, and for 10*79 per cent of oxygen, gives the following atomic 
proportions: Carbon '®®'’ = 6*57; Hydrogen ’-"^--12*36; Oxygen 
^^Jj''=0*67- Hence the specific beat is (6*57 x 1*8 = )11*83 +(12*36 x 
2*3 = )28* 13 + (0-67 x 4-0 = )2-68 ^ = 0*4294. The molecular heat, 

i.e. the product of the molecular weight and specific heat, is the sum 
of the atomic heats of the elements in the molecule (where C has 1*8, 
H 2-3, and 0 4*0). 

The latent heat of fusion is of importance when it is required to 
calculate the heat units to be abstracted on cooling an oil, e.g. in the 
manufacture of “ winter oils.” Whereas in the case of water the 
latest heat of fusion can be calculated from the specific heat, this cannot 
be done in the case of fats and waxes, as tliey do not melt suddenly but 
soften gradually, so that the exact points at which they are still solid 
or already liquid cannot be ascertained. 

In the case of fats and waxes the specific heat varies considerably 
with the temperature. When they commence to soften, tlie specific 
heat increases suddenly very much, for part of the heat of fusion is used 
up for internal work, the softening representing tlie commencement of 
melting. Thus tristearin has at 6° C. tlie fairly constant speciric heat 
of 0-33C. This is increased at 10^ 20", 30", and 40" C. to 0*397, 0-109, 
0*449, and 0-501, and at 50° C. is 0*510. At 50" to 55° 0. the edges 
of small particles of tristearin begin to soften, and the sjiecific lieat 
quickly rises to 1*3-1*4. Palmitin shows a similar curve, the specific 
heat varying from 0*330 at -7" C. to 0*478 at +60" C., and more 
tlian 1 at 3° to 4° C. below the melting point, viz. G()*5° C. Other fats 
behave in the same manner. 

The determination of tlie specific heat of fats is in Vainh I'lfe.r Gnms ^ 
opinion, if not impossilile, at least extraordinarily ditllcult, as the 
latent heat of fusion causes an elevation of temperature. He gives the 
following observations:— 


Olivo oil at 0*<)° C. . . . . . 0*471 

Castor oil at 6 0'<!. ..... O t^-t 
Beeswax at -2P to +!+ C. ... 0-42U 

Bec.swax at 05'^ to 100° C. . . . . 0*401) 

Palmitic acid at <55° to 104° C. . . . 0 <555 


The latent heat of fusion of parallin wax is recorded as 39 calories 
{(Jraefe) and 35 {Balelli). 


^ Ann. Chim. Anal. 5, 321. 






CHAPTER VI 


CHEMICAL METHODS OF EXAMINING OILS, FATS, 

AND WAXES—QUANTITATIVE TESTS 

Since Hir natural oils and fats represent complex mixtures, in varying 
quantities, of the simple and, as it appears, chiefly, mixed glycerides of 
the different fatty acids enumerated in Chapter III., complete fat 
analysis should embrace the isolation of each individual fatty acid and 
of the foreign substances dissolved in the oils and fats. The attempt to 
detect and identify all the individual fatty acids in a fashion similar 
to that in wliicli the individual elements are detected in an inorganic 
substance must, however, in the present .state of our knowledge, bo 
abandoned as a hopeless task in technical analysis (cp. Chap. XII.). 

The same remarks apply to the examination of waxes. 

Although in the examination of oils, fats, and waxes we are not 
yet able to obtain results which are accurate in a .strictly scientific 
sense, a number of methods answering very satisfactorily the reipiirc- 
ments of technical analysis have, been evolved. 

These methods consist in a-scertaining certain numbers- “ values ” 
—which di^pend on the nature of the various fatty adds, the. proportion 
of admixed substances, the presence of free fatty acids and (or) alcohols. 

The “ values ” obtained by the methods to be described in this 
chapter furnish a measure of the (juantity of the acids, alciduds, etc., 
without, howevei’, in each case fixing their absolute quantity. These 
methods have, therefore, been appropriately termed by lluU “ quanti¬ 
tative reactions.” 

Besides the “ c[uanti(ative reactions” we have, .at our disposal a 
number of chemical reactions which are usefully applied to the examina¬ 
tion of fatty substances, such as the elaidin test, oxygen and ozone 
ab.sorption test, bromide test, etc. 

Hitherto these methods have not been worked out .so fully as to 
admit of their being classed amongst the iiuantitative reactions, although 
in all probability .some of them (ozone absorption) will attain to that 
rank. Meanwhile we must look iqKin them as preliminary tests that 
can be usefully employed as sorting tests, or as confirmatory tests in 
those cases where the interpretation of the quantitative methods leads 
to ambiguous conclusions. These preliminary tests or “ qualitative 
reactions” will be described in the following chapter (Chap. VII.). 

377 
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Further insight into the composition of the natural oils, fats, and 
waxes is gained by examining the isolated fatty acids. The methods 
employed for this purpose will be dealt with in Chapter VIII. 

The methods which are applied to the examination of in.soluble 
alcohols (such as are obtained on saponifying waxes), and, in general, 
to the unsaponifiablc matter found in oils, fats, and waxes, will be' 
detailed in Chapter IX. 

In this chapter the tjuantitative reactions will be considered. 


QUANTITATIVE REACTIONS 

I subdivide the numbers—values ”—obtained with tlie aid of the 
quantitative reactions into two classes :— 

A. Cliaractcristics. 

B. Variables. 

In the earlier editions of this work I used for Class A the denomina¬ 
tion “ constants,” but as this term has been frequently interpreted in 
too literal a sense, and has even been compared with ” true constants 
of nature,” it appears preferable to sid>stitute for it the expression 
” characteristics,” indicating the fact, that although the numbers are 
specific for each kind of fat or wax, they still allow of certain fluctuations 
within nanow limits. 

Under “ characteristics ” I shall comprise those numbcr.s wliich 
depend entirely on tiie specific nature of an oil, fat, or wax, and hence 
assist most materially in identifying a given oil, fat, or wax. 

The ” variables ” ^ furnish numbers which allow us to judge of the 
quality of a given oil, fat, or wax. These numbers naturally vary 
with the state of purity, rancidity, age, etc., of the given oil, fat, or wax. 

The characteristics will be considered under the following heads :— 

(1) Saponification Value. 

(2) (Bromine or) Iodine Value. 

(3) Reichert {Reichert-Meissl or Reichert-Wollny) Value. 

(4) Titration number of Insoluble Volatile Acids. 

The variables will comprise :— 

(1) Acid Value. 

(2) Amount of Glycerol, expressed in per cent. 

(3) Diglycerides and Monoglycorides. 

(4) Amount of Unsaponifiable Matter, expressed in per cent. 


Cp. Tite fAihoratory Companion to Fats atul Oils tnduitrks, Maciriillan, 1901, p. 0. 
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Midway between the two classes stands the acetyl value, which in 
some cases must be considered a “ characteristic,” whereas in other 
cases it is a “ variable.” 


A. CHARACTERISTICS 


1. Saponification Value ^ 


The mponlficaiion value indicates the nuinher of milUyrains of ‘potas¬ 
sium hydrate required for the complete sapomficalion of one gram of a fat 
or wax ; in other words, it represent^ the amount of potassium hydrate, 
expressed in tenths per cent, requisite to neutralise the total fatty acids in 
one gram of a fat or wax. 


For the determination of the .saponification value arc recpiirod - 
(1) An accurately standardised hydrochloric acid solution, the titer of 
which is expressed in terms of KOH ; it is most convenient to use 
half-normal acid ; (2) an alcoholic potash sol"tion ])repared by dis¬ 
solving about 40 gnus, of caustic potash, pure from alcohol,^ in a little 
water, and making up tlie solution with strong alcohol (of a specific 
gravity not exceeding 0-810) to 1000 c.c. The alcoholicr solution 
is allowed to stand for one day, and is then carefully decanted or 
syphoned off if a precipitate should appear.^ Tlic solution should be 
protectc^d from variations of temperature, Init need not be pioteeted 
from liglit if the materials used in its preparation are pure. 

The alcohol used for preparing the potash solution should be pure ; 
on treating with a strong solution of caustic potasli it should remain 
colourless. If the alcohol turns yellow immediately, it must bo rejected. 
Alcoholic potash prepared from pure materials will not become dark 
iirown even after several months’ standing; it assumes, however, in 
course of time, a light yellow colouration, which docs not interfere with 
the accuracy of tlie titration.'* Dark solutions should not be used, 
.as they arc apt to vitiate the results, especially in tlie case of drying oils. 

Methylated spirit may be used in many cases, but it must be purified 
as described p. 103. Since methylated spii-it contains small quantities 
of mineral oil (introduced with the denaturant) duo care must be 


' This valu« is also known as Kottstorfer Value (cp. Heits./. <inati/(. Chm., 18/0,199 ; 
431). Before Kdltslorfer’s method was published, it had been customary in tlie 
Marseilles works to express the amount of alkali required for 5 grins, of fatty .acids in 

terms of cubic centimetres of normal alkali (C. i'ciTie/'). . i v *t 

* It should he noted that caustic potash sticks are sometimes coated by the m.anu' 
facturer with soft parafliii wax ; cp. F. Beiigen, Zeits.f. Unters. <i. hahrgs- v. (iaxumn., 

3 The\)rticipitate coiisUts chietly of potassium carbonate. It may be u.scful to note 
that 100 c.c. of half-normal alcoholic potash prepared with 94 per cent alcohol by 
volume dissolve, at 10° to 18° C., 0-038 gnus, of pota.<suim carbonate (Ilolde. them. 

'^^^**Cp.^'sieg\S.' aiem. Zeit., 1908, 03; Zetsche. ibid., 1908, 222; Ilalla, ibid., 

1908, 890. 
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observed in case the determination of the saponification value be 
combined with that of the unsaponifiable matter. 

The saponification value is determined as follows: Weigh bff 
accurately, in a flask holding 150 to 200 c.c., 1-5 to 2 grms. of the 
purified and filtered sample. Next run into the flask 25 c.c. of an 
approximately semi*normal alcoholic solution of caustic potash, 
measuring it off by means of a pipette. It is not necessary to add 
exactly 25 c.c., but care must be taken that for each determination 
precisely the same volume is used. A good plan is to allow the contents 
of the pipette to run out somewhat rapidly, and to drain until two or 
three more drop.s have run off. Then attach a long cooling tube or an 
inverted condenser to the flask, and heat on the boiling water-bath for 
half an hour so that the alcohol is kept simmering ; in order to accelerate 
saponification, the contents should at intervals be mixed by imparting 
to the flask a rotary motion. This treatment will, in the case of most 
fats and oils, lead to complete saponification. In the case of waxes, 
especially beeswax, it is necessary to boil the contents of the flask over 
a flame for at least one hour (cp. Chap. 11. p. 107,and Vol.II.Chap. XIV. 
“ Beeswax ”). Wool wax, even under these conditions, is not com¬ 
pletely .saponified, and it is advisable to carry out the test with sodium 
alcoholate, as described p. 107. When the saponification is deemed to 
be complete, allow to cool a little, add 1 c.c. of a 1 per cent phenol- 
phthalein solution, and titrate back the exce.ss of potash with the 
half-normal hydrochloric acid. In case too much alcohol has been 
volatilised, it is advisable to add some alcohol (previously neutralised, 
see Chap. II. p. 104), or to titrate with normal acid at first and finish 
the titration with half-normal acid. 

It is recommended to make a blank test by treating tlie same 
amount of alcoholic potash in exactly the same maimer ^ as is done 
with the sample. Every source of error, e.fj. carbonic^ acid, etc., lias 
therefore, as nearly as possible, the same influence on tlie final result 
in both tests, and is thus eliminated. The difference between the 
numbers of c.c. of acid used in the blank test and in tlie actual test 
corresponds to the quantity of potash required for saponification ; tliis 
is calculated to milligrms. of potash for I grm. of fat or wax. 

Sulphuric acid should not be substituted for liydrochloric acid, 
as potassium sulphate is precipitated, whereby the delicacy of the end 
reaction is impaired. 

For Uenriques' method of cold saponification cp. p. 106. 

In the case of dark-coloured solutions, M^llhiney^ proposed to 
measure the alkali used by the amount of ammonia it will liberate from 
an ammonium salt. Ho proceeds as follows: The substance (2 grms.) 
is saponified with an excess of alcoholic caustic soda, and tlie alcohol 
evaporated off. 250 c.c. of 93 per cent alcohol are added next, the soap 
is dissolved by warming, and carbon dioxide passed through the solution 
for about one hour, in order to precipitate the excess of alkali as 

^ ThiH tfhould extend aloo to t!ie inat«rial of the flask. Cheap German flaskn are 
attacked by alkali to a considerable extent. It i» i)e»t to use flasks iha»lo of Bohoraian 
or of Jena gloss. ^ Journ. Soc. Chem. hid., 1896, 197. 
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carbonate and bicarbonate. The precipitate is then filtered off, the 
alcohol evaporated, and 100 c.c. of a 10 per cent solution of ammonium 
chloride added; the solution is then heated, to distil off the liberated 
ammonia, which is received in hydrochloric acid and titrated. A 
correction must, of course, be made for the sodium bicarbonate dissolved 
by the 93 per cent alcohol. This process is cumbersome and certainly 
introduces errors; it is far simpler to dilute the soap solution with 
sufficient alcohol, so as to obtain a distinct end reaction. If need be, 
the titration may be carried out in a flat porcelain dish, after sufficient 
dilution with strong alcohol. [De Nefjri and Fahris recommend to use 
in such cases alkali-blue as an indicator.) 

Example.— off 1-532 ^(rms. of olive oil, and saponified 
with 25 (!.c. of alcoholic potash solution. Recpiired for titrating back 
12-0 c.c. half-normal acid ; further, recpiired for the blank test 22-5 c.c. 
half-normal acid. Therefore a quantity of caustic potash corresjiond- 
ing to 


{22-5-12 0) 0 0501 
2 


grms.^-294-5 milligrtiis. KOll 


was employed for saponification. Hence 
204 5 

Used for 1 grm. of fat ^ uiilligrma. K01I--192-2 milligrms. KOll. 
The saponification value of the sample of olive oil is therefore 192'2. 


Allen ^ proposed to calculate the number of grams of fat saponified 
by one equivalent of potassium hydrate, i.e. by 50-1 grms. of KOH, or, 
what amounts to the same, by one litre of a normal solution of caii.stic 
potash or caustic soda. 

The number obtained by dividing the percentage of potassium 
hydrate rc(piired for saponification into 5010 was termed the saponijica- 
tion equivalent. 

No advantage is gained by expressing this important value in the 
manner proposed by AlleHy and 1 shall therefore adhere in this woik 
to the “ saponification value ” as defined above, in order to avoid 
confusion. The relation between the saponification value and Allen’s 
saponification equivalent is shown by the following formuljc : 

c.c. of normal pota-sh x 56-1 of normal potash x 50100 
grms. of fat employed milligrius. of fat employeil 

5010__ 5610 

ap. iquiv. ppr KOH c.c. of normal potash x 0-050J ^ 
grms. of fat employed 
__grm8. of fat employed x 6610 
'* c.c. of normal potash x 5-6i 
grins, of fat employed x 1000 
^ c.c. of normal jKitash 
- of fat emp loyed ^ 

c.c. of normal potash ’ 


* Conunercial Oiyanic Anali/sii, ii. 40. 
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or, if a be the number of c.c. of normal potash, and h the number of 
milligrms. of fat employed : 

Sap. Val.—^ X 56100; Sap. Equiv.— 


Hence it is evident that the “ saponification equivalent ” can be found 
by dividing 561(X) by the saponification value ; conversely, the saponi¬ 
fication value is obtained by dividing 50100 by the saponification 
equivalent: 


Sap. Val.= 


56100 

Sap. Equiv. ’ 


Sap. Equiv. 


5G100 
Sap. Vai.’ 


An easy calculation will show that the saponification value and the 
saponification equivalent are identical for the number 236-87 = -s/fiOlOO. 


The .saponification values of neutral glycerides and other estcr.s of 
fatty acids vary, of course, with the nature of the fatty acids; the 
lower the molecular weight of the fatty acids (or, what amounts to 
the same, of the c.stcrs) the more ])otas}i will be reijuired to neutralise 
the fatty acids of 1 grm. of fat or wax, or, in other words, the higher 
will bo the saponification value. To illustrate this more clearly, I 
subjoin in the following tables the saponification value.s of some pure 
triglycerides, diglycerides, and monoglycerides, as also of some waxes 
(esters of monohydric alcohols). 


[Table 
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SaponiJicaHon Values of Trigli/eerides 


Triglyceriile. 

Foriiuila. 

Moleoiilar 

Weiglit. 

HaponlHc. 

Value. 

Simple Triglycerides— 
Acetin .... 
Btityriii 

Valeriii 

Caproiii 

Cajiryliii 

Caprin .... 
Laurin.... 
Myristin 

Palmitin 

Hydnooarpiii 

Stearin 

Olein .... 
LinoHii 

Chiuilmoogrin 

Linolonin 

Chipauodoiiin 

Ricinolein . 

Aracliiu 

Kruciii.... 
Cerotin 

Melissiii 

Hydroxystiarin . 
Diliydvoxystearin 
Trihydro-xy.stcari n 
Sativiii 

Liuusiii 

Mixed Triglycerides— 
Acetodilbi’min 
Acetodibutyrin . 
Myristopalniitobleiii 
Oleodipalmitin 
(I)ipalinitoblcin) 
Stoarodipalmitiii . 

(Dipalmitostearin) . 
Oleopalmitostearin 
(Stearopalmitoolein). 
■Palmitodisteariu . 

(Distearopalmitin) . 
Oleodistearin 
Elai'dodistearin . 
Dioleostcarin 

C3Hs(O.C2irp)3. 

03115 ( 0 . 0 ^ 11 , 0)3 . 

03115 ( 0 . 0511 . 0)3 . . . . • 

0., 115 ( 0 . C,H„0),. 

C3H5(0.C5lI,5O)3. 

CsH.IO. CipHiiiO)., .... 

0 , 115 ( 0 . G,,IU,0)j. 

0 , 115(0 . C].H270)3 . 

0,11,10. (;„H.„0),,. 

C 3 H 5 { 0 .C„H„ 0 ),. 

0 , 113(0 . 01 , 11350)3 ..... 

1 . 1 ^ 5(0 . Ci8ll,.)30)3 . . . - • 

C,H5(0.0„H„0). 

03115 ( 0 . 01 , 113 , 0)3 . 

0 , 115 ( 0 . C„H.i 30)3 . 

C,H5(0.0„Hk0),. 

OjllstO. OijHjjO,),. 

C, 11 ,( 0 .0.1511;„CI)3. 

0 , 115 ( 0 . tUliiO),. 

0 ,H 5 ( 0 . 0 .,,ll 5 , 0 ),. 

OiHs^O. 0 , 011590)3 ..... 

0 , 115(0 . OisIIojO,), ..... 
0 , 115 ( 0 . C„H, 503)3 . 

C,H5(0.C„H,50,)3. 

C 3 H ,(0 . CigllojO,), ..... 

03115(0 . 01 , 113507)3 . 

0 , 115 ( 0 . 0 , 11 , 0 )( 0 . coil), 

C,H5(0 . C4ll;0)(0. C,H,0)(0. CiILO) 
C,H.(0. C,iH.i,0)(0. C„Il3,0)(0. C„H,30) 
Cjiyo. o, 9 H 3 ,o),(o . Ci.HjiO). 

0 , 115 ( 0 . Ci„ir„o),(o. CijiijjO). 

0 , 115 ( 0 . C,.Il3.0)(0. C,.H,30)(0 . C,gH350) 

0 , 115 ( 0 . C. 9 H 350),(0 . C„H,iO). 

C.,H,(0. C„IIi,0)(0. C,,!!,,©), 

0 , 115 ( 0 . C„H„0)(0. Ci.HsjO), 

C,H,(0.0„I1,,0)2(0. CnH,,©) . 

218 

302 

344 

38G 

470 

554 

638 

722 

S 06 

794 

890 

884 

878 

878 

872 

866 

932 

974 

1052 

1226 

1394 

938 

986 

1034 

1082 

1178 

190 

274 

804 

832 

834 

860 

862 

888 

888 

886 

772-0 

657-3 

489-2 

436-1 

358-1 

303-7 

263-8 

2 . 33-1 

208-8 

211-9 

189 1 

190- 4 

191 -7 

191- 7 

193- 0 

194- 3 
180-6 
172-7 
160-0 
137-3 
120-7 
179-4 
170-7 
162-8 
156-0 
142-4 

885-8 

614-3 

209-3 

202-3 

201^8 

195- 7 

195-2 

189-5 
189-5 
189 9 


[Table 
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Saponification Values of Diglycerides 


Diglyceride. 

Formula. 

Molecular 

Weight. 

Hapoiitflcatlon 

Value. 

Diacetin 

C 3 H,( 0 H)( 0 . CjHjOJj 

176 

637*6 

Dibutyhn . 

C,H,(0H)(0.C,H,0), 

232 

483*7 

Di Valeria . 

0 jir,( 0 H)( 0 .c,H, 0 ), 

260 

431*5 

Dicaproia . 

C,H^{0H)(0. C„HnO), 

288 

389*6 

Dicapryliu . 

0,H,(0H)(0.0,H„0), 

344 

326*2 

Dicaprm 

C:,H,(0H)(0.0,oH„0), 

400 

280*6 

Dilaurin 

C.,IL(0H)(0. C.oH^O), 

456 

246*1 

Dimyristin. 

C,H,(0H)(0.0„H^0)j 

512 

219*1 

Dipalniitin . 

C,II,( 0 H)( 0 . C,.ir„ 0 ), 

668 

197*6 

Di.stearia . 


624 

179*8 

Dioldin 

OaH.(OH)(0. 

620 

181*0 

DilinoHn 

C,IIs(0II)(0. C„H,.0), 

616 

182*1 

Diliiioleain. 

C,H,(0H)(0. C„HaO), 

612 

183*3 

Diricinoloin 


652 

172*1 

Diarachin . 

CjHjiOHXO. 

680 

165*0 

Dierucin 


732 

153*3 

Dicerotin . 

C,H,(OH)(0. C^H.,0), 

818 

132*3 

Dimelissin . 

C3H,(OH)(O.C„H,.0), 

940 

119*1 

Dihydroxystearin 

C3H,(0H)(0.C„H„0,)3 

656 

171*1 

Didihydroxystearin 

C,H3(0H)(0. C„H3,03)3 

688 

163*1 

Ditrihydroxystearin 

C 3 H 3 ( 0 H)( 0 . C„H 3 . 03)3 

720 

155 *9 

Disativin . 

c,H 3 ( 0 n)( 0 . c„h,, 303 ). 

752 

149*2 

Dilinusin . 

Of Acid haviug Mol. 

C3H,(0H)(0. CisHj^O,), 

816 

137*5 

Wt. 276 . 

C3H,(0H)(0. R)a(R=259) 

608 

181*5 


Saponification Values of Monoglycerides 


Monoglyceride. 

Formula. 

Molecular 

Weight. 

Sapunlllc. 

Value. 

Monoacetin .... 

Cji 1 ,( 011 ),( 0 . c,n, 0 ) 

134 

428*7 

Monobutyrin .... 

C..H,{0I1M0.C*H,0) 

162 

346*3 

Monovaleria .... 

(;,ll,(OH),(O.C,H,0) 

176 

318*8 

Monocapioin .... 

0,[I,(OH),(O.C,1I„0) 

190 

295*3 

Munocaprylin .... 

<;,H,(OH),(O.C,H|,0) 

218 

2.57*3 

Monocaprin .... 

C3H,(0H),(0. C,<,H„0) 

246 

228*1 

Monolaurin .... 

C,H,(0H),(0,C,,H„O) 

274 

204*7 

Monomyristin .... 

C,fl,(OH),(O.0,.H„O) 

302 

185 *8 

Mouopaluiitia .... 

C,H,(OII),(O.C,.H„0) 

330 

170 0 

Monostearin .... 

C,H,(OH),(O.C„H„0) 

358 

166-7 

Monodlein .... 

C,H,(OH),(O.C„H„0) 

356 

157 *68 

MonoHnoIin .... 

C,II,(OII),(O.C„H„0) 

354 

158*6 

Monolinolenin .... 

C,H,(OH),(l>.C„HaO) 

352 

159*4 

Monoricinolein .... 

0 ,H,{OH) 3 (O.C„llaO,) 

372 

150*9 

Monoarachin .... 

C,H,(OH),(O.C,oH„0) 

386 

146*3 

Monoerucin .... 

C,H,(OH),(O.CkH„0) 

412 

136*2 

Monocerotin .... 

C3H,(OH),(O.CmH„0) 

470 

119*3 

Monomclissin .... 

C,H,(0H),{0.C„H3,0) 

526 

106*6 

Moiiohydroxystearin 

UarijloHljlO. CjgHjsOj) 

874 

160*0 

Monodihydroxystearin 

u^risiuuiaio. CisHmO,) 

390 

143*9 

Monotrihydroxyatearin 


406 

138*2 

Monosativin .... 

C,H,(0H)3(0.C„H„0,) 

422 

188*0 

Monolinnsiii .... 

C.H,(0H),(0. C„H„07) 

454 

123*6 

Of Acid having Mol. Wt. 276 . 

C,H.(0H)3(0E)(R=259) 

350 

160*3 
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Saponificatim Values of Waxes 


Wax. 

Form Ilia. 

Molecular 

WolKht. 

Saponifle. 

Value. 

Cetyl palmitate, cetiii 

^16^83 * 0 . CO . CijIIgi 

480 

116-9 

Ootodecyl palinitato. 

C,.I4,.O.CO.C„H„ 

508 

UO'4 

Ceryl palmitato 

l . U . UU . 

620 

90-5 

Mclissyl palmitato, rayricin 

C,„1I„,.O.CO.CJ„M,„ 

676 

83-0 

Cetyl stearate .... 

Ci.U3:,.o,co.o„ir„ 

.508 

110-4 

Ceryl cerotate .... 

C«llvi.O.CO.C«dh,i 

760 

73-8 

Cocccvyl coccerate, cocccrin 


1:582 

81-2 

Cholesteryl palmitate . . 

C27U43.0. Co. C'jjltij 

624 

89-9 

Cholc.stcryl oleate 

c^THi'.-O.co.Ci-nT. 

650 

86-3 

Cliolesloiyl stoarato . 


652 

86-0 

Isocliolesteryl ste.irato 

cyr.3.o.co.('„H,5 

6.52 

86-0 

Cliolesteryl corotato . 

a,ii,3.o.C().c..,,ii5, 

704 

73-4 

Melissyl melissate 

.O.CO.C.K,II,., 

872 

64 3 

Psyllo.Ktoaryl payUostearylate . 

C33H07 0.CO.a,.db-, 

956 

^8-6 


Tho prcf-eding tables refer to neutral substances <nily, that is, to 
glycerides and waxes wlii(;h are devoid of free fatty acids. 


Since the natural oils, fats, and waxes contali certain amounts of 
free fatty acids, depending on the state of purity of the specimen of 
oil, fat, or wax under examination, it cannot be expected that ilifferent 
samples of one and the same kind of oil, fat, or wax will always have 
the same saponilication value. Altliough the saponification values are 
characteristic numbers, as the following table shows, they should not 
ho considered as applying within very strictly defined limits to every 
specimen of the same kind. For, in the first instance, certain fluctua¬ 
tions must occur, wliich depend on the proportion of free fatty acids. 
These fluctuations will, as a rule, be small, since, to take an example, 
(he amount of caustic potash required to saponify 100 parts of stearin 
differs by only 5 per cent from the amount of caustic potash reejuired to 
neutralise 100 ])arts of stearic acid. This is clearly brouglit out by 
the following table :— 


Variation of Saponification Value with the Amount of Free Fatty Acids 


Stiijuin. 

I’er cent. 

St<>aric Acid. 
Per cent. 

Saponilication 

Vulni!. 

Nculnilisation 

Value. 

100 

0 

189-1 

0 

75 

25 

191-02 

49-37 

60 

50 

193 -30 

98-75 

25 

76 

195-41 

148-13 

0 

100 

197-5 

197-5 


Besides tlie proportion of free fatty acids, natural conditions, such 
as climate and difference of soil in tho case of a plant, and race and 
age in the case of an animal, cause the saponification value to vary 
somewhat. 

VOL. I 


2c 
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Siiponifration Valves of Oih, Fats, and Waxes 


Oil. 

Cl8«l. 

Oi-oiiji. 

Sapoiilticulion 

Value. 

I’crilla .... 

Drying oils 


1S9-6 

Linseed . . 



192-195 

'I’liiij,' .... 



193 

Lalli'iiniiUiii.. 



185 

Caudle nut . 



192-6 




210-4 

White acaeia 



192*4 

Cedar imt . 



191-8 

(Jardeu roeket 



191-8 

Ilemji .'iced . 



192-5 

Burdock 



196-6 

Cyiim'ardia . 



198-3 

Nsa-Sana 



191-6 

Walnut, Nut 



195 

Arhutus unedo 



208 

Liiiiiria 



188-6 

.Salllower 



1S6-6-193-3 

Kaya .... 



188-4 

Inukay.a 



188-5 

EchiiK)|).s 



189-6 

.Soya heatj . 



193 

Boppv seed . 



195 

Amoora 



189-7 

Maniliot 



188-6 

Alelia azeilarach . 



191-5 

Croton Elliotianus 



201 -5 

Henliane 



170-8 

Millet seed , 



183-8 

seed . 



190-2 

Sunllower 



193-5 

Yellow iK-acia 



190-6 

Para rubber tree seed 



206-1 

Service berry 



208-0 

Celo.sia 



190-5 

Argemone 



189 

Fir seed 



191-3 

Pine nut 



192-8 

Matlia .... 



192-8 

Strawberry seed 



193-7 

Raspberry seed 



192-3 

Hawthorn seed 



172-8 

Red currant seed . 



189 

Blackberry seed . 



189-6 

Tobacco scei.l 

■ 


190 


[Table 
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Sa^onijication Values of Oils, FaU, ami IVaxes—continued 


Oil. 

class. 

Or(jLj|i. 

Saponification 

Value. 

Caiiicline . . 

Semi drying oils 

Cotton .seed oil 

188 

Gra[>o simmI . 

grou[) 

179; 190 

Colanrline . 



198*2 

Dapliiie 


1 m-b 

Clover, red . 

• 


,, white 


1 189-5 

Pumj)kitj seed 



188*4 

Water melon 



189*7 

Melon seed . 



198-3 

Maize (corn). 



188-193 

I’ersiminon seed . 



188 

Wheat.... 



188*5 

Datura 



186 

Beceh nut 



193*5 

Kapok .... 



18M96-5 

Cotton seed . 



193-19.'> 

.Sosanie 



189-193 

Basswootl 



178-1 

Lenioii pips . 



188-4 

Lullk .seed 



187-8 

Myrtle seed . 



199-8 

Ikpan .seed . 



194-0 

Aids .seed 



178*3 

Croton 



210-215 

Zachun 



194-1 

Curea.s, piuj^iug nut 



193*2 

Brazil nut . 



193-4 

Mucuna 



178-2-2 

Sorghum 



172-1 (?) 

Tomato seeil 



183-6 

Spindle tree. 



230-1 

Ciarden cress 


Rape oil group 

178-183 

Ravisou 


174-179 

Hodge mustard 



174 

Rape (colza) 



170-179 

Black nuistard 



174 

White mustard . 



170-174 

Radish seed . 



173-178 

Jamba .... 



172-3 

Small fennel 

Non-drying oils 


196-4 

Quince 


181 -8 

Cherry kernel 



194 

Cherry laurel 



194 

Apricot kernel 



192-5 

Plum kernel. 



191*5 

Peach kernel 



192-5 

Almond 



191-0 

Wheat meal. 



166-6 (?)-182*8 

Sanguiuolla . 



192-1 

Acorn .... 



199-3 
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Saponification Values of Oils, Fats, and Waxes—continued 


Oil. 

Class. 

Group. 

Saponification 

Value. 

Oalilbrnian nutmeg 

Non-drying oils 


191*3 

Owala .... 



163*4 

Arachis 



190-196 

Rico .... 



193*2 

Tea seed (Chinese) 


• 

196-5 

Tea seed (Assam). 



’94-0 

Tsubaki 



180*9-192-6 

Saaanqiia 



193-6 

Njore-Njole . 



193*1 

Piatachio 



191-3 

Hazel nut . 



192-0 

Koemc .... 



196 

Elderberry . 



209-3 

Klozv .... 



155*3 (?) 

sun tree 



223*5 (?) 

Olivo .... 



185-196 

Olive keniel 



183 

Calopliylluiii 



19t’.-2 

Coffee berry . 



175 (?) 

Uiigiiadiu 



191-.5 

Ben .... 



181-187 

Strnjdiantus 



lS7-9-iyi 

Senega root . 



193-8 

Sterculia 



187*9 

Paradise nut 



173-6 

Socate . . ... 



178-4-191-4 

Cunari .... 



193-9 

Pircb seed . 



211 

Oleander .' 



202-5 

Tormiiialia (Myrobalanj 



193-206 

Castor .... 


Castor oil group 

183-186 

Menhaden 

Marine animal oils 

Fish oils 

190*6 

.fa])anese sardine . 



189-8-196-2 

.Salmon 



182-8 

Herring 



171-194 

Sturgeon 



186*3 

Cramp ll.s}i . 



148-2 (?) 

Sunfi.sh 



147*6 (1) 

Cod liver 



171-189 

Haddock liver 



188-8 

Skate liver . 



185-4 

Shark liver . 



161*0 

Coal hsh liver 



177-181 

Ling .... 



184*1 

Seal .... 


Blubber oils 

189-196 

Whale .... 



188*0-194 

Turtle .... 



209.211*3 
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Saponification Values of Oils, Fats, and Waxes—continued 


(HI. 

Class. 

Group. 

Saponifluatiou 

Value. 

Ducona: 

Marine animal oils 

Blubber oils 

197*5 

Dolpliiii (liodv) 



197-3-203 

Dolphin (jaw) 



290 

Porj)oiso (body) 



195 

Por|>oise (jaw) 



264-272 

Brown lish . 



224-8 

Clirysalia 

Terrestrial animal 


192 

Kg« .... 

oils 


184-4-190-2 

Sheep’s foot. 



194-7 

Horses’ loot . 



195-9 

Neal’s foot . 



194-3-199 

Oil or fat. 




Chaiiliiioogra 

Vogelablo fats 

Chaulmoogra oil 

213 

Hydiiocarpus 


group 

207 

Lukrabo 



210 

Parkia.... 


Laurel oil group 

184 -5 

Poii^ain 



178-183T 

Luivel .... 



197-9-210 

Carajid.... 



195-6 

Nux Vomica 



166“2-l70-6 

Baobab 



190-3 

Margosa 



190-9 

Niani .... 



195-6 

Kadam seed . 



197-6 

Inukusu 



241-39 

Mowriih seed . * 



188-194 

butter 



183-4 

Njavo .... 



182-l8.'’)-3 

Aouara 


Palm oil group 

196-8 

Palm .... 



196-205 

Oambogo butter . 



196-4 

Akee .... 



194-6 

Macassar 



221-5 

Sawarri 



199-51 

Mafura tallow 



200-221 

Phulwara butter . 



190-8 

Nutmeg butter . 


Mvristica group 

199-6 

Ucuhuba 



219-5 

Ochoco 



238-5 

Shea butter. 


Cacao butter group 

179-192 

Surin .... 



179-5 

MkAnyi 



190-5 

Rambutau tallow. 



193-8 
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Saponification Values of Oils, Fats, and Waxes—continued 


Oil or Fat. 

Gloss. 

Group. 

Sapnnillcation 

Value. 

Malaliar tallow 




188-7-192 

Cacao butter 




U)3-65 

Vei'eLable tallow . 




200-3 

Kokuni butter 




187-101 

Borneo tallow 




192-4-1911 

Muriti . 



Cocoa nut oil group 

24(5-2 

^loca^a 



240-O 

Colmne 




2r)3'9-2r.r)-3 

Maripa 




2W-5-270-5 

Aouara koniel 




2-12-9 

Palm imt 




242-250 

Cocoa nut 




216-260 

Cocos acrocoinoiJcs 




•292-8 

Tonka butter 




2.'»r 

Dika . 



Dika I'at grou}> 

214-.5 

Tauj'kallak . 



26ti-2 

Cay-CiW 




2:ir)-3 

Kusu . 




2S3-8 

Jajnin wax . 




2l7-2;i7-5 

Myrtle wax . 




20H-7 

! 

Icebear 


Animal fats 

Drying fats 

187-9 

Rattlesnake . 



210-9 

Blackcock . 



•Semi-drying fats 

201-6 

Lynx . 



190-2 

Wild duck . 




198-6 

Marmot 




197-1 

Horse . 




196-197 

Haro . 




200-9 

Rabbit (wild) 




199-3 ' 

Ribbit (tame) 



Non-drying fats 

202-0 

Horae marrow 



199-8 

Goose (domestic) . 

. 



193-1 

Goose (wild) 




196 

Chicken . , 




193-5 

Human, adult 



195 

Lard . 




195-4 

Wilii boar . 




195-1 

Dor • 




196-4 

Wild cat . 




199-9 

Domestic cat 




190-7 

Beef marrow , 




199 

Bone . 




190-9-195 

Beef tallow . . 




193-2-200 
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Saponification Values of Oils, Fats, and Waxes—continued 


Flit. 

Class. 

Group. 

SapoRiileatioii 

Value. 

MvittoH tallow 

Animal fats 

Non-drying fats 

192-195-2 

Klk .... 



195 1 

Reindeer 



1947 

Roebuck 



199'0 

Fallow buck , 



l96-() 

stag .... 



199-9 

Butter .... 

J 

Milk fats 

220-2d3 

Waxen. 




Sporm oil 

Li(|uiil waxes 


I23.M7 

Arctic sperm oil . 



123-135-9 

Carnaixba wax 

Solid waxes 

Vcgelivblo waxes 

79-95 

Pisaiig wax . 



109 

Flax wax 



101-5 

Wool wax 


Anim.al waxes 

102-4 

Beeswax 



90-98 

S[K:rmac('ti . 



123-135 

Insect wax . 



80-5-93 


A con.sideriitiou of tlie foro^oing nuini>ers shows that llie waxes 
are characterised by low saponification values, so that these munbcrs 
alone afford a ready means of differentiating waxes from oils and fats. 

It will further be seen that the majority of oils and fats have saponi¬ 
fication value.s lying in the neiglibourhood of 193. In the case of 
unknown samples, wide deviations from this number in either direction 
will at once enable the aiudyst to single out individual oils or fats. 

Thus, oils belonging to the rape oil group are characterised by a 
considerably lower saponification value, viz. about 175. The lower 
saponification value.s of these oils find their explanation in the large 
proportion of erucin they contain. Similarly, castor oil may be differ¬ 
entiated from the bulk of the other oils by its lower .saponification 
values, due to the presence of ricinoleic acid. 

On the other hand, large deviations in the oppo.sitc direction enable 
us to single out a number of oils and fats, and hence render their recog¬ 
nition a comparatively ea.sy task. Thus the high saponification values 
of the fluid portion of dolphin and porpoise oils are indicative of a high 
proportion of the lower fatty acids. A prominent example of a char¬ 
acteristically high saponification value is that of butter fat, so that by 
the saponification value alone, butter fat can be differentiated from 
margarine. High saponification values are characteristic of fats 
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containing preponderantly myristic acid, and especially of the members 
of the cocoa nut oil and dika fat groups. 

It should be noted that the preceding remai-ks as to tl\c indications 
furnished by the 8a])oni(ication value refer to unadulterated oils, fats, 
and waxes, i.e. to commercial samples which may contain a smaller or 
larger amount of free fatty acids, as also small amounts of unsaponifiable 
matter. If mineral oils or other unsaponifiable substances are intermixed 
with the fatty substances, tlien, naturally, the indications furnislied 
by the saponification values alone, if considered without further investi¬ 
gation, would be entirely misleading, since the unsaponifiable matter 
naturally depresses tlie saponification value. Thus, to take an example, 
an oil having the saponification value 193, if adulterated with 10 per 
cent of mineral oil, would sliow a saponification value of about 175, 
and nught, therefore, be mistake!i for a rape oil, if no further tests were 
applied. 

Again, if colophony (rosin) be dis.solved in (he fatty substance, 
tlie sapoiiification value will remain unaffected, if rosin aljout the 
same saponification value he used ; witli a rosin of a somowliat lower 
saponification value, the saponificalion value of the mixture would, of 
cour.se, be somewhat de[)iessed. 

2. (Bromine or) Iodine Value 

The {bromine, or) iodine ralne indiattea (he pere.entmfc of {bromine or) 
iodine chloride absorbed hij a faf or iro.r, expressed in (erms of {bromine or) 
imline. 

This value is a measure of tlic proportion of unsaturated fatty 
acids, which, both in their free state and in combination with glycerol, 
have the property of a.ssiinilating lialogens with formation of saturated 
compounds. 

Theoretically, the acids belonging to the oleic and ricinoleic scries 
should absorb two atoms of chlorine, bromine or iodine, or one molecule 
of iodwhloride. Ilenre the glycerides of those acids should absorb 
six atoms of chlorine, bromine or iodine, or three molecules of iodo- 
ehloride. Similarly (he acids of (he linolic series sliould assimilate 
four atom.s of halogens or two molecules of iodochloride ; the members 
of the chaulmoogric series should assimilate two atoms of halogens or 
one molecule of iodochloride; the monbers of tlie linolenic scrie.s six 
atoms of halogens or three molecules of iodochloride ; and the members 
of the clupanodonic .series eiglit atoms of halogens or four molecules 
of iodochloride. 

Whilst these theoretical postulates are borne out by experiments 
in the case of oleic, ricinoleic, linolic, chaulmoogru;, linolenic, and 
clupanodonic acids, it appears that this rule only applies to doubly 
linked carbon atoms. Trebly linked pairs of carbon atoms should, 
theoretically, absorb with equal facility four atoms of chlorine, bromine, 
iodine, or two molecules of iodochloride. Experience has, however, 
shown (Chap. III. p. 145) that only two atoms are readily absorbed. 
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In the case of chlorine and bromine two molecules can be added by 
allowing the action to last a prolonged time, especially if this action 
be assisted by catalysts (ferric chloride, etc.) and exposure to light. In 
the case of iodine and iodocliloridc only one molecule of halogen is 
absorbed. Tliis behaviour would seem to constitute a most charac- 
teristi(i means of differentiating the acids of the linolic series from the 
isomeric acids of the stearolic series (see Chap. III. p. 202). 

Obviously the prej)aration of jnodiu^ts containing chlorine, absorbed 
solely by a process of addition, is attended with more difficulty than 
that of bromo-, iodo-, or iodochloro-addition products; hence in 
technical analysis only bromine and iodine - -the latter in the form of 
iodochloride--aro employed. 

Bromine Value 

IE dry bromine is allowed to act on an (ul, it is absorbed with a 
more or h^ss violent reaction, and evolution of hydrobromic acid takes 
place. Tlic reaction must therefore be moderated by previously 
dis.solving both the bromine and the oil in a suitable solvent. 

Till! deterinination of bromine absorption values was first proposed 
by (JaUlelet (1857); the application of this method to the analysis 
of fats is, however, due to Mills ^ and his liollaborators Snoihfrass 
and AkiU. 

Mills jiroceeds as follows :—()•] grm. of an oil or fat, dried thoroughly 
and filtered, is dissolved in 50 c.c. of carbon tetrachloride placed in a 
narrow-mouthed stoppered bottle of KX) c.c. capacity. To this solution 
is add(!<l a standard carbon tetrachloride solution of bromine (about 
0-UOn“0 (M)8 grm. ])er c.c.) until after the lapse of fifteen minut(!s the 
colouration persists. Tlie excess of bromine can be measured either 
by com])ariug the colouration with that similarly produced in a blank 
exporiineut, or, more accurately, by titrating back with a standard 
solution of )3-nap]it!ioI in carbon tetracldoride, when monobromo- 
najihthol is formed. I'lie bromine absorbed is calculated to 100 grms. 
of fat. 'riie average juobabie error is stated to be 0 -16 per cent. 

Mills laid the greatest stress on the necessity of rigidly excluding 
moisture, since the bromine absorption number is found too high in 
the presence of water; therefore aipicous solutions of bromine must 
not be used. Carbon tetrachloride wa.s substituted for i^arbon bi¬ 
sulphide, for the reason that at the ordinary temperature the solution 
of bromine is more stable in the former solvent than in the latter.^ 
Instead of jS-naphthol, potassium iodide may be added, and the liberated 
iodine titrated with sodium tliiosulphate. 

In the course of the reaction small quantities of hydrobromic acid 
are formed, due to the substitution of hydrogen by bromine in the 

* Journ. Soc. ( hem. Imi., 1S83, 135 ; 1884, 366. 

'' The following reaction taking jilacc in a solution of hrmninc in carbon bisnlphide 
should be notetl jw involving loss of V>roniini*. After .several days’ standing C'SgBr^ is 
formed ; this is decomposed by water (moisture.) "ith se|>iiralioii ol crystals of (CBr 3 )._tSj,. 
-(J. L.) 
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molecule of the fatty substance. (The hydrobromic acid thus formed 
can be detected by sliaking the product with water and testing the 
aqueous solution with silver nitrate.) 

Thus concuTreutly with addition {i.e. absorption of bromine due to 
bromine being assimilated by one molecule of an unsaturated glyceride, 
to form a saturated compound), a further (piantity of fiee bromine 
disappears, owing to the formation of substitution ])roduets and lienee 
of hydrobromic acid ; therefore tlie total absorption of bromine, as 
measured by the method described, is due to both addition and 
substitution. 

The more concentrated the bromine solution employed, the greater 
is the amount of substitution products formed ; it is t herefore evident 
that bromine values obtained by allowing dry bromine to act on an oil 
are apt to be too high. 

A measure of the amount of .substitution that has taken place is 
furnislied by the quantity of hydrobromic aci<l formed. Ilenci^ the 
true bromine value would be the difference between the total bromine 
assimilated and the bromine absorbed by substitution. 

Af''Ilhiiiei/ ^ determines the “ bromine addition and the “ luomiue 
substitution ” values in the following manner: ' 

From 0-25 to 1-(K) grm. of the oil or fat is dissolved in 10 c.c. of 
carbon tetrachloride in a 50C c.c. stopi)er(‘d bottle, and an e.xcess of 
a J normal solution of liromiiie in carbon tiqracliloride is added. After 
a few minutes the bottle is pluce<l in ice so that a partial vacuum is 
produced by tlie condensation of the vapours. A piece of india-rul)ber 
tubing is now sli])pod over the neck so us to bum a well around the 
stopper. T'he well is filled with water, wliich is sucked into the bottle 
by carefully lifting the sto[iper. 25 c.c. of water are intio<luccd into 
the bottle, the content.s are well sluikeu (to effect complete ab.sorjjtion 
of the hydrobromic acid), and 10-20 c.c. of a 20 per cent solution of 
potassium iodide and about 75 c.(\ more water ari; added. Tlie iodine 
liberated by the excess of bromine is measurial by titration witli 
standard thiosuljihatc sfjlution, and calculated to Inomine. The 
total amount of bromine added is asc(*rtaincd in a blank test; the 
difference between the two amounts coi resjionds to tlie total bromine 
absorption. This is calculated to units }>er cent of the sample taken. 

The contents of the bottle are next transferred to a sofiarating 
funnel, and tlie aqueous solution is separated and filtered. If it be 
blue, it is decolourised by a few drops of thiosulpliute solution, and the 
free acid is determined as hydrobromic acid iiy titration witli decinormal 
alkali, inothylorange being used as an indicator.® The bromine calcu¬ 
lated from the hydrobromic acid and expressed in per cent of tlie sample 
gives the bromine substitution value. Twice this number subtracted 
from the total bromine absorption furnishes the bromine addition 
number. 

It is obvious that the substitution number must be doubled, since 


‘ Jiii/rn. Soc. t'/ieiii. Ind., 1894, (368. 

Cp. Allei), Viiviini^Tdid (Mjtniic. Anuli/.si.s-, ii. 384, 

^ For auotlivr luetliod cp. M^llhiiiey, Journ. Amer. Vhem, Soc., 1899, 1084. 
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for each bromine atom converted into hydrobromic acid, there has 
been removed from tlic original bromine solution 1 molecule (or 2 
atoms of bromine), as is explained by the following e({uation 

H Br. 

Fatty Acid, Broiiiosubstitutiun 

pwhK't. 

F. 2'elle ^ is of the opinion that his metliod permits to effect complete 
addition of bromine without simultaneously obtaining substitution 
products. For the details of his method the original paper must be 
consulted. 

A ijravinietric process for the determination of the bromine value 
proposed by Ilehner and (independently) by Waller^ has been shown 
by Lewkowilsck ® to be unreliable. Whilst in a number of cases {ejj. 
olive oil) the proposed method led to results agreeing with those obtained 
by HubVs standard method (see below), enormous discrepancies were 
observed in a number of other cascs.'^ 

The determination of the bromine value has been w'holly supeiscded 
by the determination of the iodine absorption value according to HahVs 
and IKys’ methods. These methods yield fa; more constant and 
reliable result s. In fact, the reliability of bromine absorption processe.s 
is gauged by comparison with the iodine numbers as found in HiihVfi 
and processe.s. For this purpose, bromine values aie calculated 

to iodine values by multiplication with 'Jj( = 1-5875). It should, 
however, he distinctly understood that bromine values are not directly 
(convertible into iodine values, since a varying amount of substitution 
(by bromine) takes place concurrently witli absorption, as pointed out 
already. Therefore, the bromine absorption method sliould only be 
resorted to in exceptional cas(^s, such as in the examination of rosin 
oils (Vol. III. Chap. XV.) or of linseed and boiled oils suspected of 
being adulterated with rosin oils. 

The ])romine absorption method has found useful application in 
the “ Bromide Test ” (Cliaps. Vll. and Vlll.). 

liuhl^ found that iodine is assimilated by oils and fats only slowly 
at the ordinary temperature, whilst at higher temperatures ® the action 
of iodine becomes very irregular, owing to complicated reactions taking 
place. He ascertained, liowcver, that from an alcoholic solution of 
iodine, in the presence of mercury bichloride, glycerides of the iin- 
saturated fatty acids absorb iodine in a very regular, well-defined 
manner, so that a (|uantitative method can be based on this reaction. 
The following solutions are required for Hubl’s process :— 

^ Jouni. lie Chilli, et de Phi/n., 1905, 111, 183. 

• Anali/st, 1895, 280. It .«4houia l.c iioteti that Walki- exaniinea olive oil ouly. 

Joiirn. <St)o. Chem. Ind., 1890, 859. 

* C’p. also Jenkins, Jouni. tioe. Chem. 1ml., 1897, 193. Proiter aiul Bennett, ibid., 
1900, 799. 

" Jiwrn. Soc. Chem. Imi., 1884, 041. 

« Ibid., 1894, 610 (Scliweitser ami LungwiU). 
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1. Solution of Iodine and Mercury Bichloride, called hereafter ^for 
brevity) Iodine Solution. —This is prepared by dissolving on the one 
hand 25 grnis. of iodine in 500 c.c. of pure 95 per cent alcohol, and 
on the other hand 30 grins, of mercury bichloride in the same amount 
of 95 per cent alcohol (filtering this solution if necessary), and mixing 
the two solutions. The iodine solution undergoes considerable reduction 
in strength (i.c. in free iodine) during the first hours after mixing, and 
should, therefore, be allowed to stand for twelve to twenty-four hours 
before use. It is not advisable to use iodine solutions older than 
twenty-four hours. After that time the iodine solution gradually 
loses strength and is apt to lead to uncertain results. It is convenient 
to keep both the iodine and the bichloride solutions in stock separately, 
and prepare only so much iodine solution as is re<juired for a test. 

2. Solution of Sodium Tkiosulpkate (hyposulphite).— This is pre})ared 
by dissolving about 21 grms. of the crystallised salt in KXW c.c. of water. 

It is standardised by the following method (due to Volhard) Weigh 
off accurately 3-8657 ^ gnus, of pure ]»otassium bichromate,^ and 
dissolve in K.KK) c.c. of water. Place in a stoppered bottle 10 c.c. of a 
10 per cent potassium iodide solution, and 5 c.c. of hydrochloric acid, 
and run in exactly 20 c.c. of the bichromate solution from a burette. 
Since each c.c. of this solution liberates precisely 0-01 grm. of iodine, 
altogether 0-2 grm. of iodine will be set free. This Is titrated by means 
of the thiosulphate solution as de.scribed above. 'Fhe advantage of 
this method oveu- the older method of .starting from re-sublimed iodine 
lie.s in its rapidity, the .somewhat laborious and tedious preparation 
and weighing off of pure iodine being saved.* Moreover, the bichromate 
solution keeps for an indefinite time without alteration, and is always 
ready for ascertaining the strength of the t}iio.sul])hate solution.^ 

3. Chloroform, or Carbon Tcfmc/</oru/c.- -Theso solvents are te.stcd 
for purity** by mixing 10 c.c. with 10 c.c. of the iodine solution, and 
titrating the free iodine after two or three hours’ standing. The 
amount found should be exactly the same a.s that contained in 10 c.(*. 
of the iodine solution. -Ktlier must not be u.sed in ])lace of chloroform, 
as it very frequently contains hydrogen peroxide, which acts on 
pota.ssium iodide with liberation of iodine. Benzene, free from thio¬ 
phene,^ is a suitable substitute for chloroform or carbon tetrachloride. 
In the case of highly oxidised oils, whicli are no longer completely 
soluble in carbon tetrachloride, glacial acetic, acid should be employed , 
(cp. Voi. lit. Chap. XV. “ KoUd XAnsecd Oil "). 

' * O--10, H^l’OOS, Cr = 52'l. Tlie weight is calculated from tlio following equa¬ 
tion : — 

Cr.^O,K, (- 1411C1 -t fiKI = Crj(Jle-f-8KCl + 711.^0 f 31.^. 

® It is necessary to a-scertain its purity, as also the absence of sodium bichromate, by 
determiiiing its oxidising value. 

" For a method of standardLsing by means of BaH.P;„ cp. Plninpton and Cliorloy, 
Ptoc. Cti^/n. iSVir., 189f>, p. 38; P. Horde {JMl. Scktice-i Ptwrm., 1909 (18), 6.'»4) 
proposes to substitute antipyriiie for thiosulphate solution. 

■* Commercial carbon tetrachloride not infrequently contains carbon bisulphide; cp. 
also p. 393. 

Farnsteiner, Zt 'dH.f- Vattru. d. Sidirgn- u. (Jcnu>i.sm., 1898, f»29. 
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4. Solution of Potassium Iodide .—This is prepared by dissolving 
100 grms. of potassium iodide in 1000 c.c. of water. Commercial 
potassium iodide frequently contains iodate, which with hydrochloric 
acid gives free iodine. Such impure iodide may, however, be employed, 
if accurately measured volumes he used and the liberated iodine be 
taken into account. 

5. Starch Solution.- -This should be prepared afresh for each analysis 
by stirring 0-5 grm. of pure starch in 50 c.c. of cold water, and heating 
to the boiling point with constant stirring. 

The determination of the iodine value is carried out as follows:— 
From 0*15 to 0-18 grm. of a drying or a marine animal oil, 0-2 to 0-3 
grm. of a semi-drying oil, 0-3 to 0-4 grm. of a non-drying oil, or 0-8 
to 1-0 grm. of a solid fat, arc weighed off accurately, and placed in a 
bottle of 500 to 800 c.c. capacity provided with a well-ground stopper. 
The fat is dissolved in 10 c.c. of chloroform, or carbon tetrachloride, 
and 25 c.c. of the iodine solution are run in from a pipette. The pipette 
should always be emptied in exactly the same manner: this is best 
done by allowing it to draiti, until two or three drops have run out. 
For larger (juaiitities of substance than tho.^e stated above, 50 c.c. 
must be used. In order to prevent loss of iodine by volatilisation, it 
is advisable to moisten the stopper with potassium iodide solution. 
The solvent and the iodine solution should give a clear solution on 
shaking ; otherwise more solvent must be added. The bottle is then 
allowed to stand in a dark place.^ Should the deep brown colour of 
the solution disappear after a short time, another 25 c.c. of the iodine 
solution must be run in, as an excess of iodine is essential for complete 
absorption. After two hours the solution must still exhibit a deep 
brown colour. Most of the iodine is absorbed during the first two 
hours. The reaction then slows down ; it cannot be considered com¬ 
plete before the lapse of six to eight hours in the case of solid fats and 
non-drying oils, and twelve to eighteen hours in the case of drying oils 
and marine animal oils. Semi-drying oils require eight to ten hours. 
After standing for the rccjuisite numluM' of hours, 15 to 20 c.c. of the 
potassium ioclido solution are run in, the liquid is well shaken, and then 
diluted with 400 c.c. of water.'*^ The appearance of a red jn-ecipitate 
of mercuric iodide at this .stage would indicate that an insufficient 
<juantity of pota.ssium iodide liad been em}>loyed; therefore, more 
must be added. The excess of free iodine, part of which will be in the 
aqueous solution, the remainder being dissolved in the chloroform, or 
carbon tetrachloride, is titrated with the thiosulphate solution by 
running the latter into the bottle until, after repealed agitation, both 
the aqueous and the chloroform, or carbon tetrachloride, layers are but 
faintly coloured. A few drops of the starch solution are next added 
and the titration is then brought to an end. Immediately before or 
after this titration, 25 c.c. of the original iodine solution are standardised 
in exactly the same manner. The difference between the two figures, 

’ Cp. S. F. PopolV, Joitii}. /{iiss. I'hys. dmn. Sue., 1908 (38), 1114. 

» Cp. Inglfl, Journ. Soc. Chan, hid., 1902, 687, anil Harvey, ihid., 1902, -138 ; cp. 
also Ittgle, ihid., 1904, 422, aiul 1908, 314. 
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corresponding to absorbed halogen, is calculated in terms of iodine 
to units per cent of the sample. The number thus found is termed the 
iodine value. 

Tlic values as obtained by HiibVs method are quite constant, pro- 
vide<l an excess of iodine, not less than the amount actually absorbed, 
has been employed, and the operations be always carried out under 
identical conditions. The results do not depend on the concentration, 
nor on an excess of the mercuric bicliloride solution, but it is necessary 
that for every two atoms of iodine at least one molecule of mercury 
bichloride be present. 

When the titrated solution has stood for some time, it becomes 
blue again ; this is no doubt due to tfie splitting off of iodine, thus 
proving that the action of iodine on unsaturated compounds is to some 
extent a reversible one.^ However, this change does not in the least 
interfere with the accuracy of the titration. 

Example .—Weighed off 0-3304 grm. of lard, dissolved in 10 c.c. of 
carbon tetraefdoride, added 25 c.c. of iodine .solution, which required 
in a blank experiment 60-9 c.c. of thiosulphate solution, 10-45 c.c. of 
which were equivalent to 0-2 grm. of iodine, ffor titrating back the 
excess of iodine in the experiment there were rc<piired 39-G c.c, of 
thiosulphate solution. Hence, the ab.sorbed iodine corresponds to 
00-9'-39-5 = 21-3 c.c. of thiosulphate .solution. 

Since 16-45 c.c. of thiosulphate solution are equivalent to 0-2 grm. 
of iodine, 21-3 c.c. correspond to = 0-2589 grm. of iodine. Hence 
0-3394 grm. of lard absorbed 0-2589 grm. of iodine, or HK) grins, absorbed 
gnus, of iodine. The iodine value of the specimen of 
lard is therefore 76-28.^ 

IlUhl's proce.ss ha.s been examined by many cliemi.sts, and proved 
itself to be one of the most valuable methods employed in the technical 
analysis of oils, fats, and waxes. The chemical literature of Ihc last 
twenty years contains numerous papers by various authors purporting 
to furnisli improvements or modifications of the original method. Most 
of them refer simply to minor or entirely unimportant points. Some 
of thorn even reproduce methods which Ili'ibl rejected. With the 
exception of the important Wijs modification (descrilied below) they 
are omitted here, and the reader must be referred for a short survey of 
the earlier literature on this subject to the second edition of this work. 

It need only be stated that, long before a comprehensive explanation 
of the reactions taking place in IluhVs ingenious process was found, 
the numbers obtained by his method afforded the most valuable guid¬ 
ance in the examination of oils and fats. Hull himself explained the 
reaction by assuming that a chloro-iodo-addition compound was formed, 

* TIh! reaction of bromine on iiiiHatiiratec] coniponud may bo considenMl, for j)rnctical 
purposes, as non-rfversi>>le. 

For rapid calculation tlie logarithms of the factor 0-2 c.c. divided l>y the nunjber of 
c.c. of thiosulphate are tabnlatctl in Table No. 11 of the author’s The Ijoboratory 
(JoviiMiiivm to Fate and Oils Industries, Macmillan and Co., 1901. 



VI 


IODINE VALUE 


399 


he iiaving obtained from oleic acid a saturated fatty substance, to 
which he ascribed the formula CjgHg^CIIOg. 

Tf Huhl'fi view is correi^t, then theory requires, in the fust instance, 
that saturated fatty acids should have no iodine value ; secondly, that 
pure unsaturated fatty acids should furnish iodine values agreeing with 
the theoretical numbers. 

As ri^gards the first i)oint, I examined a number of pure saturated 
fatty acids, as also amyl alcohol, witJi the following result:— 

IchIiiki Value {IfitJ >rrius. absoil> 

uniis. '.)f loiliiii'). 


I’lopioiuc a(d(l ..... O-CO 

Butyric ....... 

Lsoljiityric ...... OCH) 

Valerio ..1-32 

('a|)ruic ....... 0-30 

(ICnanlhic ....... 0-(Xl 

t'ajirvlic ....... 0-o5 

Pcliirtioiiie ....... 1-83 

Capric ....... 0-31 

Laurie ....... 112 

Ibilmitit- ....... ()]3 

Htcaric ....... 0-20 

(Vrotk' ....... 1-34 

Dihydrow ^.lcal'ic acid .... O-Od 

Amyl alcohol ..... 0-00 


The iodine values should, of cour.se, have been in all cases nil, but 
con.sideriiig the dilficulty of satisfactorily purifying the fatty acids 
named, the result, may be accejiled as proving the fact that saturated 
fatty acids have no iodine value. 

The second jtostulate is borne out by the ex])eriinents set out in 
the following table • 









Atoms of lodino 

absorb Iodine. 


Fatty Acids. 

Fonmita. 

rciiiircil to form 
a SaUinCed Com- 

— 

--— 

Observer. 



pound. 

Tlieory-' 

Experiment. 





Onus. 

Oriii.s. 


Oloic 

C„II«0. 

2 

90-07 

SO 

Ocitel^ 

F/laklic . 

(^dl-uO., 

•) 

90‘07 

90-54 

.8jivtzc(T^ 

Brassiflic 


2 

75ir) 

75-34 

SaYtzcflf '* 






t Alcxamlrolf 

Isocrucic 

Coall.oOo 

2 

75-15 

74-42 

-! aud 






[ Saytzcir'' 

Cliolcsterol . 


2 

65-8 

67-3-68-09 

Lcvkowitscld 

- 


. .... 

_ .. 

..... 



* Cmumeirial .aeid. 

Jonni. f. prakt. L'hfni., 1888 (37), 59. 
5 IbUL, 1894 (50), 79. 


- For I 127. 

* 1894 (.^O), 7f>. 

Ibid., 1894 (49), 01. 


7 lierichie, 1892, 66. 
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It must, however, be pointed out distinctly that it is not permissible 
to conclude, from the excellent agreement between theory and experi¬ 
ment in the cases recorded in the last table, that substances, other than 
those mentioned above, having unsaturated linkages also yield the 
theoretically required iodine values. Thus the author ^ obtained the 
results recorded in the following table with IliihVs solution :—■ 


I 

j Snhstaiico. 

lodiiii 

Valiu'. 

KxpiTimcnt. 

Undecylenic .‘icid 

138 

J21-125 

('rotonic acid .... 

29.5 

25-25-9 

i Fumaric acid .... 

219 

nil 

' Maleic acid. 

219 

nil 

Cinnamic acid .... 

170-9 

15-3-10-4 

j Styracin. 

li)l-7 

81-9-82-9 


G. Ponzio and G(X-stahU confirm tlie above results foi‘ crotonic and 
undecylenic acid. It is, therefore, evident that the position of the 
double linkage plays an important part in the behaviour of a fatty 
acid in the iodine absorption test. As stated already on ]). 3‘»2, the 
naturally occurring acids conform to the theoretical postulate.s, which 
is confirmed by the last but one tabic ; yet from ob.servation.s by 
Ponzio and GasUildi ^ the fact becomes apparent that if the double 
linking is in the a-^ position,® as in the case of 2-3 hypogjcie or 2-3 
oleic acid, very low iodine values are obtained if Ilubrs .solution be 
u.sed according to the above-given directions. Thus 2-3 hypogreii; 
and 2-3 oleic acid gave the iodine values 6*6 and 8-7, instead of 99-8 
and 9007 respectively. 

From these and similar results the conclu.sion must be drawn that 
it is the position of the double bond in the unsaturated acids that 
influences the iodine absorption. If tbe double bond is distant from 
the carboxyl group, as in ordinary ()lcic and undecylenic acids, the 
iodine value is normal, whilst if it is nearer the carboxyl grouj), as in 
the case of the other acid.s in tfie table given above, the iodine value is 
lower tlian the theoretical value. Further exp(?riments showed that 
by prolonging the time of absorptioii to seventy hours, 2-3 olei(; acid 
gave an iodine value (of '15'9 by Ilanus’ mctliod) of 80-8 by Wijs' 
method. The ab.sorption was due to addition and not to substitution. 
It would thus appear that the determination of the iodine value 
furnishes a means of drawing some conclusions as to the position of the 
double bond in an unsaturated acid. 

’ Hecoml editiou of this work, ]). \70 ; cp. Hfiirickseii. Linhiff's AmuOtv, 
336, 323, and Batier, Ilerichte, 37, 3317 ; Fahrion. Zeit. f. amjtxo. Clurn., 1901, 1226 j 
Wake and Ingle, Journ. Soc. Vhtm.. Ind., 1908, 315. 

^ Ottiz. chim. Hal., 1912, 42. 92. 

^ For Bougault’s method of separating unsaturated a-(i fatly aci<U (of the typeCHR : 
Cfl.COjH, and of the typeCII,: CR-COjK) from fi-y niisaturateii acids, by means of 
iodine and yellow mercuric oxide (nosceut hy|)Oiodous acid) the original must be con¬ 
sulted {Compt. rend., 1904 (139), 864). 
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The author further confirmed tliat all glycerides and fatty acids 
whicli occur in commercial oils, fats, and waxes do conform with 
theory, if treated with the liuhl iodine solution according to the 
directions given above, or witji the Wijs solution according to the 
conditions laid down below. According to the author's exfXirienco, 
which extends over many years, the iodine value may be relied upon 
as one of the safest guides in the technical analysis of fats and waxes. 

The apparently capricious results which a number of obsei vers 
obtained with HubVs method in the case of natural oils and fats were 
explained by those observers by assuming that, simultaneously with 
the addition of iodine, or iodochloride, substitution takes place in the 
glyceride molecule, with formation of hydriodic acid--much in thc 
same way as substitution takes ]dacc in the case of biomine with 
formation of hydrobromic acid (see above). It has, however, been 
shown by Wijn ' tliat the free acid found in the solution after absorption 
ha<l taken place from Huhl'n iodine solution, was not hydriodic but 
hydrochloric acid. Waller had proved the occurrence of hydrochloric 
acid before Wijs, but lie erroneously ascribed its formation to a secotul- 
ary reaction, namely, tlie action of free chlorine on the water present. 

In this (a)nnection it may be pointed out that Waller ])roposed to 
rendei' lldhl-s .solution more stable by the addition of hyilrochloric acid 
to the iodine solution. A number of iodine determinations carried out 
by means of Waller 8 solution were published by continental ob.servers ; 
therefore, his modus :>peraiidi may be briefly described; Waller's 
solution is ])re])ared by dissolving 25 gi'ins. of iodine in 200 c.c. of strong 
a[(x)hol on the one hand, and 25 grins, of mercuric chloride in 2(K) c.c. 
of strong alcohol on the otlier, then adding 25 grins, of strong hydro¬ 
chloric acid, of tlie specific gravity 1-19, to the latter solution, finally 
mixing the two solutions, and making up to 500 c.c. witli alcohol. It 
will be noticed that Waller's stilution does not conform to liubl's 
direction, that there should be present at least one molecule of mercuric 
chloride—27-5 grins.—to one molecule of iodine—25*4 grins. It will 
be further noticed tliat thi;-; solution is about twice as strong as the 
Ilubl iodine solution.—Althougli the numliers obtained by Waller's 
method, in tlie case of oils and fats, do not deviate widely frf)m the 
Jiubl nunilicrs, the method is not free from objection, and will tliereforc 
not be further lamsidered in this work.- it may, however, be pointed 
out that in tlic ca.so of mineral oils, cholesterol,^ and naplitlu'nic acids,'* 
Waller's solution yields results which are at complete variance with 
those obtained by HiXbVs method. 

The next important step in the scientific explanation of tlie liubl 
reaction was made by E^hraimJ* He observed that tlie Hiibl solution 
required a much larger amount of sodium thiosulphate after addition 

^ /cits./, aiiulift: Vhon., 27". 

Op. also liijjle, Journ. ii<>c. VUem. Jiui.. iy02, 587. 

•* MarciissoiJ, Chm. /eiL, 1907, ■1*20. 

* Schwarz iiiul MiirciiK.soii, C/ifin, Jtcvite, 1908, 165. 

.lua/y.v/, 1895, 176. 
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of potassium iodide tliaii witliout it, and concluded therefrom that on 
mixinj; the components of the Hiibl solution there is formed at once 
a substance capable of liberating iodine from potas.sium iodide. 

The chemical change taking ]>lace in the iodine solution wa.s expressed 
by Ephraim by the following c(juation : ^ - 

ICI. 

This e(piation would corres])ond to lluhVs directions, that for 2 atoms 
of iodine at least 1 molecule of mercuric chloride must be used. A 
solution of iodine monochloride of the same strength as that of the 
Iliibl solution must contain 10 25 grms. in 1000 c.c. A nuinbc]' of 
experiments carried out with iodine monochloride solution of the 
specified strength on oleic acid, linseed oil, po])py s<!ed oil, sesame oil, 
almond oil, aracliis oil, olive oil, and castor oil in the same fashion as 
is done in flubl'a iotlim^ test, furnished results identical with those 
obtained ))y Iluhl's method, Ephraim concludes, therefore, that 
alcoholic solutions of iodine monochloride may lje substituted ff>r the 
Hiibl solution. 

A confirmation of Ephraim'a; views, and of M’alh'r's statenieiit 
regarding the occurrence of iiydrochloric acid, is found in ll’/js* ^ 
experiments, which led to a satisfactory explanation of the reactions 
occurring in the Ilubl solution. The first change taking ])Iace on 
mixing the solutions of iodine and of mercuric chloride is represented 
by the following eipiation - 

I]g(hy21j--Hglj4 iilCI .... (!). 

It must he left an open (|ucstion whctlier the action takes place in two 
stages, us shown by the two ecjuation.s 

JIgCI f HgCIl J iCi 
HAH ! I. llgl-i T K’h 

or not. 

The equation (1) must be looked u})on as representing a state of 
equilibrium between the four substances, .since In- dissolving mercuric 
iodide (Ilglo) in iodine chloride (ICl) soitition, a mixture identical witli 
the Hiibl iodine solution is obtained, hhpialion (1) should, therefore, 
rather be considered as representing a i(n’ersil)le reacti<jri, though the 
colour of the solution wouhl point to a jjreponderance of the .system 
HgC'l 2 -t 21.2. Con<-urreii11y with this !riain reaction, the following 
changes occur;- The iodochloride (ICl) formed reacts with the water 
contained in the 05 ])cr cent alcohol in the following manner : 

K'l 1 H^O HCl ) IHO .... (2), 

but this change soon reaches a limit, .since the hydrochloric acid (fICl) 

' Epliraiiii .slattn distinctly tliut tliin eqiiiilion iniist not iiccc.ssarily l.e con.sidorcJ fw 
expres'-ing thw fiieinicai cliangu quaniitativedy. 

- Jinu'ii. 1 <h:. t'hnn. hid., ]S!»S, f. iiwjni). t'hein., ]8t>8, 291 ; cp, 

h1»o Skrabal and Buclita, t'/w'/n. /eil., 1909, liy.’i: J911, 058. 
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thus formed precludes the complete decomposition of the water present. 
The hypoiodous acid (lOH) is converted into iodic acid and free iodine, 
thus :— 

5lOH-]O3H-|-2H,0-f4I .... (;i), 

althougli very slowly, for the amount of hypoiodous acid (lOH) is, 
as shown, a limited one. Since, however, the iodic acid will interact 
with free iodine and the hydrochloric acid (see equation 2) in the 
solution to form iodochloride (101), in the manner expressed by the 
equation 

lOaU t 41 i 5HC1-MCl + aHjO . . . (4), 

it will be easily seen that a complicated system of equilibrium will 
result, the (;hicf components of which are represented by tlie equation 
(2). Thus, we can assume in the Hubl iodine solution the presence 
of the following sul)8tances :— 

Uglj. I, It:i, HCl, lOH, and IO 3 H. 

On standardising tlie iodine solution, potassium iodide solution 
and water are added (see p. 397). The changes then taking place are 
expres.sed by the following equations :— 

ICl I KI-KCl i I 3 .... (5), 

HCI+t()ll+KI=KCI+H 30 +I, . . . ( 0 ), 

IO 3 H t-5HCH-5KI-:6KCH-3H30+3r, - . (7). 

It will thus be seen that, provided no other reaction has taken place, 
the total amount of iodine originally employed (when preparing the 
iodine solution) must be found in the blank test as iodine, and further, 
that the final solution cannot contain free acid, provided the alcohol 
used was neutral. 

Experiments, however, show (see p. 396) that the Hubl iodine solution 
loses free iodine rapidly at first, afterwards more slowly, that the 
solution turns acid, that the amount of acid formed corresponds exactly 
to the amount of iodine which has become inactive (has “disappeared”), 
e.xcept in the case of very old solutions, which are found to contain 
acetic acid. The e.xplauatioii of these phenomena is given by 
(in contradistinction to his earlier views, which presupposed an inter¬ 
action between iodine and alcohol, with formation of hydriodic acid) 
as follows:—A portion of the hypoiodous acid oxidises the alcohol to 
aldehyde, as shown in the equation 

210H-|-CjHe0 --l3+2HaO+CaH40 . . . ( 8 ). 

The equilibrium of the solution thus having been disturbed, fresh 
hypoiodous acid must be formed, but owing to the increased amount 
of hydrochloric acid now present, not quite the full quantity of hypo¬ 
iodous acid can be formed, notwithstanding the fact that the free 
iodine, which is liberated according to the last equation, interacts with 
HgCl^ (present in excess) to form fresh ICl, and consequently fresh 
hypoiodous and hydrochloric acids. 
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The oxidation of the alooiiol, the muse of the loss in strength of the 
iodine solution, therefore proceeds much move slosvly after a certain 
time, or, in other words, the older tlic solution tlie more stable it be¬ 
comes. Tlie acidity of the solution is, of course, ex])lained by the 
presence of an excess of hydrochloric acid which does not. find suflicicnt 
hypoiodous acid to be neutralised according to ecpiation (6). The 
])resence of aldehyde has been proved experimentally,^ and since 
aldehyde is readily oxidised, by the oxygen of the air, to acetic- acid, 
the excess of free acid in very old solutions is now easily explained by 
the slow oxidation of the aldehyde. 

From the foregoing notes it would follow that by limitii»g the 
amount of hypoiodous acid that can jfossibly be hu’med, e.g. by exclud¬ 
ing water, the Iliibl solution must become more stable. This logical 
postulate is confirmed by experiment, if the iodine solution is prepared 
with absolute alcohol or ethyl acetate. 

Again, if the decomposition of iodochloride, as explained in c<{uation 
(2), be limited, by disturbing the e<juilibriuin through increasing the 
amount of hydrochloric acid at the outset, the same object must be 
reached. In fact, this is tlie theorefical explanation for Iho greater 
stability of the Waller solution (see above) : for sulphuric acid does 
not produce the same elYect," and the colour of the Iliihl .solution is 
rendered much lighter by the addition of hydrocliloric acid. This 
shows that the reaction represented by equation (2) has been much 
retarded. 

assumed that the active substance in the Iliihl iodine solution 
is hypoiodous acid and not iodine monochloride. In sup]K)rt of his 
view, he ([uotes the following three arguments. (1) If io<line momc 
chloride were the active substance, the halogen should be absorbed 
more rapidly from ira//cr’.v solution than from Iliihrs, since iod<jchloride 
is pre.sent in greater concentration in the former solution tlian in tlie 
latter. Hut the reverse actually holds good, and this may be ex|»lained 
by the gradual or retarded formation of liyjioiodoiis acid. (2) When a 
solution of hypoiodous acid (prepared by shaking an alcoholic iodine 
.solution with freshly precipitated mercuri(5 oxide and filtering ofT) is 
mixed with an oil, values identical with the Ilubl iodine numbers arc 
obtained, the al)S(»rption being complete after ten seconds (one experi¬ 
ment only is given). (3) On increasing the concentration of hypoiodous 
acid through addition of iodine, mercuric chloride, and water (which 
favour the formation of hypoiodous acid), more rapid ah.sorption takes 
place, whereas it is retarded by tho.se agents which reduce tlie hyjio- 
iodous acid concentration, e.g. mercuric chloride and hydrochloric acid. 

If Wijs' assumption were correct, there should he formed for each 
molecule of hypoiodous acid which is aixsorbed by an oil, one molecule 
of hydrochloric acid. Although some acid is foun<l, by no means the 
full quantity is obtained ; therefore Wijs is driven to the further, 

’ On nbakliig an alcoholic Kolulioii of iodine with ntcrcnric oxiilc, nldcliyde i-s rorined. 
Cp. also Bougaiilt, rend., 1904 (139), 864. 

* Skrabal and Bixrlila Zeit., 1909, llOfi) show that hypoioilou.s acid i.s very 

unstable in a solution of sulphuric acid, whereas it is conij'aratively stable in dilute 
aqueous solution. 
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Bomewliat forced assumption that, taking oleic acid as an example, 
the reaction proceeds as follows ;— 

CiaHsiOa + . OH, 

C,„H340J . OH + HC’l -CigHa^OjICI +11/J. 

It is evident that the final product is the same as would be obtained 
by assuming that iodochloride is the a<;tivc substance, and tliat iodo- 
cliloridc is absorbed as such. In fact, Wijs' proposal to substitute 
for lliihVs solution a solution of iodine monochloride in acetic acid 
(inasmuch as tlie preparation and the keeping of a solution of hypo* 
iodous acid would offer almost insuperable difficulties), amounts 
practically to a tacit acceptance of the view that iodochloride is the 
active agent. 

in an inquiry into the origin and nature of the free acid 
which is formed in Huhl's reaction, sliowed that the free acid is neither 
due to substitution (which had been proved before) nor to the splitting 
off of hydrochloric acid from the chloro-iodo-addition product, but 
that the formation of the free acid is caused by the action of water on 
the chloro-iodo-compoun<l, ajid that the amount of acid tluis formed 
depends upon the chemical structure of the unsaturated compound, 
and also on the amount of water present. 

The foregoing ■ xplamitions show that Hiihl has hit off in a happy 
and very ingenious mann«‘r I he conditions most favourable for obtaining 
values which are in close agreement with theory. It is therefore 
])ossible, if a sam])le contains the glyceride of one unsaturatecl fatty 
acid of known composition in admixture with glycerides of saturated 
fatty acids, to calculate the absolute amount of the glyceride of that 
unsatiiralcd fatty acid. In cases of this kind the following table may 
be found useful. It will also guide the analyst as to the direction which 
further investigation must take in the case of samples of unknown 
composition, when, of course, the proportion of glycerides of unsaturated 
fatty acids cannot be calculated from the iodine value alone. 

> Jouni. Sur. Chem. hul, 1902, r)87 ; 1904, 422 ; 1908, 814. 
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CHAI*. 


lodhie Values of Unsaiurated Fatty Acids and of their Mono-^ Di-, and 
Tri-glyccrides ( LewkowUsch) 




loiliue Vulnci 

loditio Viiliio ol 


AelJ. 

Formula. 

of Fatty 









Acid. 

Moiio>?lyccriilc. 

niglycoriilc. 

Triglyceride. 

Tiglic . . . 

CdlA 

2.14-00 

145*98 

198*43 

2-25*41 

i-i'H'wOi, 

12S-28 

93*38 

112*39 

120*57 

Hypogfeic "V 


112-39 

84*67 

100-00 

106 -12 

Physetoleio !- . 
Lycopodic J 


100-00 

77-ll 

90 *07 

95*25 

Hydiiocarpic . 

OifiiiayUj 

100-79 

77-91 

90*71 

95*97 

Oleic ] 

KlaKlic 

Isooleic V . 

Kapic j 

OigllsjOo 

90-07 

71-35 

81-93 

86 -20 

I’ctroscliiiicj 






Docglic 'i 

Jecoleic / 

Ci,H,„Oj 

85-81 

08-65 

78*39 

82*29 

Gadoleic . 


81-93 

66*14 

75-15 

78-72 

Erucic 1 

Brassidic > 

75-15 

61*65 

69*40 

72-13 

OjjlljgOo 

Isoerucic j 

Linolic 1 

Millet oil 1 

Tolfairic j 

Ela?oniargaric j 

181-42 

143*50 

164*93 

173-58 



Chaiilmoogric . 


90-71 

71-75 

82*47 

s6*'/y 

Linolenic "j 

Isolinolenic (t) • 
.Tecoric j 

274*10 

216*47 

249 02 

262-15 

OisHjKjOa 

Isanic 


401-82 

345-57 

409*67 

436-67 

Therapic {'.) 


387*78 

302-38 

350*34 

369*90 

Clu[»anodoiiic . 
Ricinoloic "j 

CigHjgOa 

368*11 

290-29 

334 *21 

351*96 

Isoricinoleic \ 
Kicinelaidic 1 ‘ 
Ricinic j 


85*23 

68*28 

77*91 

81*76 

3fixed Triglycerides — 






Jlyristopalrnitoolein 





31 -.59 

Oleodipalinitin 





30-.53 

OleopalniitostcariD . 





29 *.53 

Oleodistcarin . 





28-60 

Klaidodhtearin 





28-60 

Dioleostearin . 


... 



58*00 


In the case of Htearolic and helienolic acids and their glycerides, 
only one molecule of iodochloride is absorbed, as will be seen from the 
following table giving the experimental results found by Quenaell.^ 


' Tlie weight of io<Une hiw liecn taken ftH 127. 

- HcruMe, 1909, 2445. 
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! Iodine 

1 Valini of : 

Fatty 

1 Acids. 

! Mnnoglycerido. 

riwlitie Value of 

Di^'lyeci’idi'. 

Trij'lyeei'ide. 

Stcarolic . 


1 

1 ni -2 1 

71-45) 

K2-:n i 


Ib'honolic . 


i "4-4 ' 

(jl-n 

08-92 

73-2 ‘ 

1 


Modlficativu of lluhl's Process 

Wijs ioiline solution is proparcd by di-ssolvin;^ soj^arately 7‘9 j;rms. 
{the coiTect fi<iure is 1-mM) of iodine tnVhlorided and 8-7’j'rnis. (the 
eorrei^t fij^iiro is 8'(>(i70) of iodine m (flacial acetic acid on the water- 
bath, takinj^ care that the solutions <lo not absorb moisture. The 
two solutions are then poured into a KKM) c.c. flask, and the flask 
is filled u]) to the mark with ;flacial acetic acid. A choayier way of 
preparing the solution (wliich commends itself in a laboratory where 
a large number of iodine tests are mad(‘) is «o dissolve 13 grrns. of 
iodine in a litre of glacial aia^tic acid, then to determine accurately 
its content of iodine, and to yias.s washed and dried chlorine gas through 
the solution, until the titration number of the original iodine .solution 
is doubled. A little experience will readily show when this yioint is 
reached, as a very distinct change of colour takes place when all the 
iodine has licen converted into iodine monocldoride. The glacial 
acetic, acid must be, pure, and should be tested by heating with potassium 
bichromate and concentrated sulphuric acid ; own after prolonged 
standing a green tinge should not lie noticeable.^ 

As commercial chloroform fre(|ueutly contains some alcohol, carbon 
tetrachloride sliould be used to dissolve the sample. The carbon 
tctraiddoride must also l)o tested, with potas.sium bichromate and 
concentrated suljihuric acid, for the presence of any oxidisablo substance. 
The solvents should be examined, as directed on p. 390. 

In ail other respects, including the exce.ss of iodochlorido, the 
test is carried out in exactly the same manner as lluhl's iodine test, 
with this important difference, however, that it is not necessary to 
allow the solution to stand as long a time as is rcijuired in the ease 
of llithVs test. In fact, in the (^ase of oils and fats having an iodine 
value below 100, half an hour is quite suMoient for the completion of 
the reaction. Semi-drying oils require about one hour, drying oils 
and marine animal oils two to six hours according to the unsaturation 
of the glycerides. 

Wijs' solution possesses the further gi'cat advantage over IliihVs 
solution in that it keeps its “ strength unchanged for a considerable 

’ Unliiio trichloriiU! is consiilcml Uy soiuo clK-mi-sts not to be Uie simple moletnilar 
compound ICI., luit to Ik* butter i-eprosunted by the |■ornlula K,‘l. 01.,. (Cp. Skrabal and 
JluchU, I'.UiO, 115)4.) 

“ .Some (’omiiiercinl preparations of glacial acetic acid contain formic nci*l. 
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length of time. In fact, I can t-estify from my own experience that 
solutions kept for five months did not appreciably change their 
“ strength.” Hence, in ordinary work a blank test is not required in 
each case, and the determination of the iodine value can be carried out 
almost a.s rapidly as the determination of the saponification value. 

Wijs ^ showed that with his solution, ])ure fatty acids yield numbers 
agreeing completely with theory, as is shown by the following table :— 


.\vh\. 

Experiment. 

Tlipory. 

Erticic aciil .... 

71-9 

75-1.5 

Brassifliu acid 

7.5-0 

7,5-15 

Klaidio acid .... 

90-0 

90-07 

Und<!Ovlcnic acid . 

133-1 

139 

Oleic acid, cumnuTcial . 

87-6 

90-07 


Furthermore, the author - has shown that tlie iodine numbers of 
natural oils and fats (and of their fatty acids) as obtained with Wija' 
solution, agree perfectly with those derived by Iluhl's method, ])rovided 
the latter be carried out witli all the ])recauti()n.H detailed above. 

The author can tlierefore thorouglily recommend ir/;V process. 
It will be found })referable to the Hiihl iodine .solution in almost every 
case, as it is infinitely superior to the latter as regards stability. It 
can be prepared rapully, and the time s)>ent on the test is very much 
shortened. 

.V drawback inlHUcnt to Hbj.s' solution is that it is acitl ; hence in 
those not very frc(|Uont ca.ses in which it is desirulde to avoid the 
presence of acetic acid, the Iliihl method will still be used. The Iliibl 
method would also be preferred if it be desired to determine the .sub¬ 
stitution value (if any) as well as the addition value, it should further 
be noted that in some cases, a.s in the ease of rosin oils and cliolesterol, 
the Uby.s solution gives very much higher values and, moreover, more 
capricious results than the Hiihl metliod. A minor druw])ack i.s that 
the .stdution crystallises at 15'’ C. ; it is therefore advisable to keep tho 
solution in a moderately warm place or to thaw it carefully, if it has 
solidified. 

In ad<lition to the original papers <jnolcd already, the reader may 
be referred to those mentioned in the footnote.^ Ilanus* following 

‘ C/ievK 1. 

* l/ijwkowit-scli. Analyst, 1899, 259. 

A. H. Gill anil W. \). Adarnn, Juvrn. Amr.r. Chnn. Sm'.., 11)00, 12. Lewkowitscli, 
Analyst, 11)00, 33 ; Jdhrhvch thr Oianie, 1898, viii. 3H."» ; 1002. xii. 300. Wijs, Aunlyst, 

1900, 33 ; /.nls. /. Vntaa. <f. Nahrys- v. fiemissm., 1902, 497. A. Miinsluill, Jovrn. 

1900, 213. F. W. Hunt, J&iirn. V/ian. Int/., 1902, 4C4. 
T. F. Ham-y, J<mm. -W. Cfiem. hid., 1902, 1437 ; 1904, 414. ¥<h-thU‘T, Xeits./. 
(ingeir. ('h>’iiK, 1902, 1207. 'I’oltnan iiml Mnn.^on, .lovrn. Anier. fJJir.ni. Sue., 1903. 244 ; 

1901, 826. L. Teyclien.-, Joum. J'fiarm. Vkim., 1903 (6), 371. Mascarelli ami Blasi, 
</azz. rfn'm. ital., 1907 (37). i. 113. A. Isiy.s, lU/ll. Sac. Ohim., 1907, 1, 633. 
]). A. Biirtlplt ami Hlierriian, Schonl of Mints ifuarterly, 1909 (31), .5.5, 

Znis.f. Ihiterx. d. yahrys- u. (/enm.-on., 1901, 913. Gp. also, C A. .Iiingclaiisxcn, 
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a suggestion made by Bellier,^ recommends the substitution of iodine 
chloride by iodine bromide. Even if the same results be obtained as 
by If/j.s-’ method (which is contested by Marshall,^ Harmj,^ Archhutt,^ 
and Lane, and especially in the case of tung oil by Boughion 
and by Kreikenhamn it appears to be a superfluous addition to a 
well-tried process. The author would therefore deprecate the use of 
Ilanns metliod, as the ])ublif‘ation of numbers obtained by this process 
only serves to encumber unnecessarily the already too bulky literature 
on this subject. 

It lias b(‘en repeatedly stated that tlie subdivisions adopted in 
this work for the large classes of vegetable and animal oils, fats, and 
waxes are based on the magnitude of the iodine values. The following 
table enumerates most known oils, fats, and waxes. (For less im- 
))ortant oils, fats, and waxi^s Vol. 11. of this work should be consulted.) 
The sulxlivisions are arranged according to the magnitude of the 
iodine values, subject, however, to the grouping together of the members 
of some naturally related oils and fats, such as the oils belonging to the 
rajie oil group, the oils obtained from the fruits of the plants belonging 
to the Ros<ict’(f, Mgri-'ifiraretr, and others. 

The numbers given are mean values, collated from lire best observa¬ 
tions. The individual observations are given under the heading of 
each oil. fat, or wa v in Vol. 11. (.Chapter XIV. In some cases 1 have 
thought it ])rcferable to give the most reliable values instead of the 
mean values. 

It will Ix^ seen that the oils, fats, and waxes arrange themselves 
in a natural order, Ix'ginning with oils, fats, and waxes of the highest 
iodine value, and passing, through slight gradations, to oils, fats, and 
waxes having the lowe.st iodine al)sorption. 


C/iein. 1001, ii. 1324 ; I- M. TolmiUt and L. S. Miiiisoii, J'-nni. Amn-. Clinn. 

Six'.. 1003 (2.')). 244 ; L. K. Lt-vi and 1'!. V. Maiiiud, J'-nm. A»n-r. Leiiflier C/iet/K 
Assnr., lOOS, 3S(i. 

> Amid/, chilli, itiid/i//. d/i/i/-, 101)0 (.'•), 12S. 

- A. Marslmll, ./mini. S.>c. (’/in„. Jiii/., lOOO, 213. T. F. Ilavvey, Joirni. Soc. 
C/icm. '/ill/., 1002, 1437 ; 100). J1 1. 

^ Joiini. S'ic. (.’/mil. /ml., 1004, tl0(>. 

./mini. hui. nii'i /Cmj. C/mii., 1010 , 20 .^. 
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CHAl’. 


Iodine Values of Oils, Fats, and JVaxcs 


Oil. 

CIn&'s. 

Group. 

Iodine value. 

Perilla .... 
Linseed .... 
N’Gart .... 

Tunglf™*"'' • • 

” i_Jaj»anese 
Lallemantia . 

Candle nut 

Stillingia 

AVhitc acacia . 

Cedar nut 

Garden rocket. 

Hemp seed 

Buckthorn 

Burdock .... 
Gynocardia 

Walnut, Nut . 

Arbutus uncdo 

Linaria .... 
Munketti 

Safflower 

Kaya .... 

Inuka3*a .... 
Kcliinops 

Soya bean 

Poppy seed 

Asparagu.s st-cd 

Amoora .... 
Manihot 

Mclia azeibiracli 

Croton Klliotiuiius . 
Henbane 

Millet sci'd 

Ni^er seed 

Sunflower 

Yellow ac acia . 

Para rubber tree seed 
Service berry . 

Celosj-a .... 
Arj:»emone 

Fir seerl .... 
Pine nut 

Madia .... 
Strawberry seed 

Raspberry seed 

Hawthorn seed 

Currant seed . 

Blackberry seed 

Mulberry seerj 

Indian laurel . 

Tobacco seed . 

Drying oils 


196-2O0*1 

173-201 

177*3-204 

170*6\ 

152*0/ 

162*1 

163*7 

160*6 

161*0 

159*2 

1551 

148 

155 

153*6 

152-1 

145 

147*8 

140 0 
IS.'S-U? 

129-8-149-9 

133-4-138 

130-3 

138*1-141*2 

137-143 

133-143 

138 

131‘9 

137*0 

135*6 

13S*5 

138 ; 131 
130-4 

126-6-I33*8 

119-13.5 

128-9 

128-3 

128-5 

126-3 

121*2 

119*5 

101*3 

118*5 

180*3 

174*8 

152*8 

152*5 

147*8 

141-5 

118-6 

118*6 

Cameline 

Grape seed 

Daphne .... 
Clover, red 
,, wliitc. 

Pumpkin .-^eed 

Water melon . 

.Setni-dryiiig oils 

Cotton sec<I oil 
group 

135-142 

96; 143 
1261 

121 *3 
119*7 
123-130 

118 
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Iodine Values of Oils, Fats, and JFaxes—continued 


Oil. 

Chess. 

Group. 

Iodine Value. 

Melon sccfl 

Semi-drying oils 

Cotton seed oil 

101-5 

Maize (coin) . 



11M30 

Tomato seed . 



117-8 

Porsimnion seeil 



116-8 

Wheat .... 



116-4 

Datura .... 



113 

Beech nut 



104-111 

Kapok .... 


• 

116 

Cotton seed . 



108-110 

Sesann^ .... 



103-108 

,, first ex])i'osNioii 



106-114 

Basswood 



111-0 

Lemon pips 



100-2 

Lufi'a see<l 



108-61 

Myrtle seed 



107-5 

Ikpan seed 



106-0 

Anis seed 



105-3 

Croton .... 



102-104 

Zachun .... 



105-0 

Curcas, jiui'King nut 



98-110 

Brazil nut 



106-2 

Mucuna .... 



103-95 

Sorghum 



98-9 

Conmou .... 



80 

Pinot .... 



186 (?) 

Garden cress . 


Rape oil group 

109-139 

Itavisou .... 



101-122 

Hedge mustard 



105 

Rape (colza) . 



94-102 

Black mustard 



96-110 

White imistard 



92-97 

Radish seed . 



93-96 

Jamba .... 



96-4 

Small fennel . 

Non-drying oils 


116-2 

Quince .... 



113-0 

Cherry kernel. 



110-114 

Cherry laurel . 



108-9 

Aprioot kernel 



96-108 

Plum kernel . 



93-3-100-3 

Peach kernel . 



93-109 

Almond .... 



93-07 

Wheat meal 



96-1-112-5 

Sanguincllu . 



100-8 

Acorn .... 



100-7 

Californian nutmeg 



91-7 

Ownla .... 



98-4 

Arnchis .... 



83-100 

Rice .... 



91-7-106-5 

Ten .seed.... 



88 

Tsubaki.... 



80-6 

Soaamiua 



82 0 

Njore-Njole . 
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Iodine Values of Oils, Fats, and fVaxes—continued 


(Ml. 


(irouj). 

Iodine Valne. 

Itloy kernel 


Non-drying oils 


89 76 

Pistacliio 



87 •3-92-5 

Hazel mit 




83-90 

Koenifi . 




88-100 

Elderberry 




81-44-110 

Elozy 




85-1 

Stall tree 




867 

Olive 




79-88 

Olivo kernel . 




87*4 

Calopliylluni . 




92’8 

Oleander 




88 

Oiffee berrv . 




85-87 

Rireh seed 




83-6 

Uni'nadia 




82-0 

Hen 




88-100 

Strophantlm.s . 




73-02-101-6 

Sene^ta root 




81-8 

Lycojwdium . 




81 

Tropreolum 




73-7 

Paradise nut . 




71-64 

Sceale 




71-0.74-6 

Canari 




6.5-1 

Castor . 



Ca.stor oil group 

83-90 

Mbtihadcn 


Murine animal 

Fish oils 

139-173 

.Japanese sardine 


oils 


121-187 

Sardine . 




161-193 

Salmon . 




161*42 

Herring . 




123-.5-142 

Stickleback . 




162-0 

Sturgeon 




125-3 

Cramp fish 




107-3 

Sunfish . 




102-7 

Cod liver 



Liver oiks 

154-6-181-3 

,, ,, mean 




167 

Ha«idock liver 




154-2 

Skate liver 




157-3 

Tunny fish 




155-9 

Shark liver 




114'6 

Coal fish liver. 




187-162 

Ling liver 




132-6 

Seal 



Blubber oils 

127-193 

Whale . 




121-146-6 

Turtle . 




112 

Duotiik . 

Dolphin body . 




66-6 

99-6.126-9 

Dolphin jaw i 




32-8 
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Iodine Values of Oils, Fats, and Waxes—continued 


Oil or Kat. 

ClJts-s. 


Iodine Value, j 

PorjK>iso body 

Porjjoisc jaw . 

Hrown lisli 

Marine animal 
oils 

Blubber oils 

88-119 

22-r.O 

111-2 

Chrysalis 

Hffi : ■ • ■ 

Sheep’s loot . 

Hoiues’ loot . 

Neat's foot 

Terrestrial animal 
oils 


116-132 

()8-.6-81-6 

7d-2 

73-8-90 

69'3-76 

Chmilmoo^ra . 
Hy(liioc!ii|ius . 

Lukrabo, 

Vegetable fats 

Cliaulmoogra oil 
group 

90-7-10t 

101-9 

82-5-8G-1 

91-6 

89-4-94 -0 
68-96 

65- 72'] 

69 4-79-3 

£4-78 

69-6 

68-4 

66- 68-9 
66-08 

.53-68 

50-1 

60-25 

56 

Farkia .... 
1‘ongaio . . . • 

Laurel .... 
Carapa .... 
Nux vomica . 

Faobab .... 
Marj'osa .... 
Niam .... 
Kadam seed . 

Inukusu 

Mowrah seed . 

Illipe butter . 

Chanipaea . 

Njave .... 

Laurel oil group 

Aouara . . . • 

Palm .... 
Oamboge bi\ttor . 

Akee .... 
Mac.assar 

Sawarri. . . • 

Mafura tallow 

Phulwara butter . 


Palm oil group 

i 

7.5-3 

51 •5-57 
53-7-55-5 
49-1 

48- 55 

49- 5 

45-5 

42-1 

Nutmeg butter 

Ucuhuba 

Ochoco .... 


Myristica grou]) 

36-58 

9-5 

1-72 

Sljoa butter . 

Surin .... 
Mkauyi.... 
Haiubutan tallow . 
Malabar tallow 

Cacao butler. 

Vegetable tallow . 
Kokum butter 

Borneo tallow 


Cacao butter group 

51-67 

42-3 

41-9 

39-4 

38-2 

32-41 

19-38-3 

25-34 

30 
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Iodine Values of OilSj Fats, and Waxes—cordinued 


on or Fat. 

Class. 

Group. 

Iodine Value. 

Muriti 


Vegetable fats 

Cocoa nut oil 

25-2 

Mocaya . 


group 

24-63 

Cohuue . 



13-2 

Areta nut 




12-5 

Maripa . 




9-5-17-4 

Aouava kernel 




10*8 

Taliu nut 




13.17 

Cocoa uut 




8-10 

Cocoa acrocoinoidea 




4-8 

Dika 



Dika fat group 

5-2 

Tiingkallak 



2-28 

Cay-Cay 




6-7 

Kusu 




4-5 

Japan wax 




4-0-15-1 

Myrtle wax . 




2-9 

Icebear . 


Aniiiial fats 

Drying fats 

117 

Kattlesnake . 


109 -6 

Blackcock 



Semi-drying fat.s 

121-1 

Lynx ... 



iio-t; 

' Marmot . 




109-1 

t Hare 




102-2 

Kabbit (wild). 




99-8 

Horse 




71-86 

Wild duck . 




81-6 

Rabbit (tame). 



Non-drying fats 

67-6 

Horse marrow. 



79-1 

Goose (dome.>jtic) 




99-71 

Goose (wild) . 




99-6 

Chicken . 




667 

Polecat . 




62-8 

Human, adult 




97-67 

Domestic duck 




58-5 

X^rd 




46-70 

Fat from wild boar. 




76'6-85 

Dog 




58-6 

Wild cat 




97*8 

Domestic cat . 




64-9 

Beef marrow . 




65-i 

Bone 




46-66-8 

Beef tallow 




38-46 

Mutton tallow 




39-46 

Elk 




35 0 

Reindeer 




31-4-35-8 

Roebuck. 




32-1 

Fallow buck . 




26*4 

stag 




20-6-25-7 

Butter .... 


Milk fats 

26-60 
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Iodine Values of Oils, Fats, and JFaxes—continued 


Waxes. 

Class. 

Group. 

loiliiiu Value. 

Sperm oil . . . 

Liqiiitl waxes 


81-90 

Arctic sperm oil 



ti7-89 

Caniaiiba wax. 

Solid waxes 

Vegetable waxes 

13-5 

Max %viix 



9-6 

Wool wax 


Animal waxes 

17-1.28-9 

Rfe.swax .... 



7-9-11 

Rump gLainl wax . 



15-5-26-5 

S]»ermaecti 



3-8 

Jiise«^twa\ 



1-4 


I’he detormiiiation of the iodine value furnishes one of the most 
valuable eliaracteristics in technical fat analvsis. If we have to 
identify a natural oil, fat, or wax, the iodine value indicates in an 
unmistakable manner tlie class to which it may belong. I’he iodine 
value will thus, as a rule, lead in the quickest manner to the identifica¬ 
tion ol a given natural oil. fat, or wax. Furthermore, if a hitherto 
unknown sfiecimen be under examination, the iodine value will at once 
point to the nio.st likely class or group in which the new natural oil or 
fat shouhl bo placed in the system. 

This characteristic is all the more valuable as the age of an oil 
does not materially affect the iodine absorption, provided the oil has 
not undergone any important change, such as oxidation. Changes 
due to oxidation are prominently noticeable in the case of drying, 
fish, and liver oils; less so in the case of semi-drying and blubber oils. 
The influence of exposure to lu)ht and air on the iodine values of some 
oils has been examined by many observers. In the following table the 
data given by Ballaiifyne ^ are reproduced :— 


Kiml of Oil. 

Original Iodine 
Value. 

After Six MontliH* Kxposuro to Sunlight. 

rroteoted against Access 
of Air. 

Exposed to Air. 

Linseed oil 

173*46 

172*88 

166*17 

Cotton seed oil 

106*84 

106*40 

10012 

Rape oil . 

105*69 

105*27 

102-13 

Arachis oil 

98*(57 

97-60 

93 -20 

Castor oil 

83*63 

83*27 (alter 2 months) 

83*27 

Olive oil. 

83*16 

82*64 

78*24 


• .hunt. Soc. Chrni. ImL, 1891, 81 ; cp. Richter, XcUa. f. UHijnc. C/tm., 1907, 1005 ; 
cp. also Ibotuole, p. 397. 
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CHAP. 


The influence of “ blowing ” with air on the iodine value of oils and 
fata will be gathered by comparing the jiiimbers given under tlu; headings 
of the individual oils, fata, and waxes in Vol. II. Chap. XIV., with those 
recorded in the section ‘'Oxidised Oils*’ in Vol. III. Cliap. XV. It 
need therefore be only stated in gemual terms tliat a considerable 
diminution of the iodine absorption power is produced by “ blowing ” 
or oxidi.sing. 

The influence of the unsaponifiable matter in the oils and fats on 
the iodine value is, in those cases, where the amount of unsaponifiable 
is very small, negligible : in tho.se case.s, however, where the nnsaponi- 
fiable matter has a high iodine value (c.^. in laurel oil) the iodine value 
of the total fatty acids, freed from unsaponifiable matter, will be appreci¬ 
ably lower than that of the oil or fat. 

Molinari^ and his collaborators have shown (hat glvc-eridcs of 
unsaturated fatty acids—as also cholesterol ami y)hyto.stei()l ah.sorb 
as many molecules of ozone as tfiey contain [)aiis of doubly linked 
carbon atoms ; lienee the amount of ozone absorbed by unsaturated 
fatty sub.stances should corres])ond exactly to tlu' iodim^ values. For 
the description and critii-ism of this method .see Ohajiter VTl. p. 4(i7. 


3. Reichert (Reichert-Meissl, Reichert-Wollny) Value 

The Reichert {or Reichert-Meissl) value indicates the niunher of cubic 
centimetres of decinormal potash requisite for the neutralisatiun of (hat 
portion of the soluble rohitile falhj acids which is ohluined from 2-.'3 {or .'5) 
grms. of a fat or wax htj the Reichert distillation process. 

From the table containing the safxuiification values of pure tri¬ 
glycerides (p. 383), it will be gathered that the lower the molecular 
weight of a triglyceride, the liigher is its .saponilicalion value. Hence, 
oils and fats containing notable proportions of glycerides of volatile 
fatty acid.s are characterisi-d by saponification values exceeding 2(K). 

Tlie occurrence of volatile fatty acids in natural oils and fat.s was 
fir.st observed by Chevreid, who was also the fir.st to .sepai-ate them 
from other fatty acids by distillation. Vet even at pre.sent (luue is no 
convenient method at our disposal to determine quantitatively tiic 
total content of volatile fatty acids in an oil or fat. Amjell and Ilchner ^ 
endeavoured to determine the amount of the volatile acids of butter 
fat by distillation, but as they did not obtain concordant results (as 
widely divergent re.sults a.s and 7-48 per cent were found by them) 
the method was abandoned. Lexhartier ® tried to .separate the volatile 
acids of butter fat from the non-volatile acids by saponifying butter 

* Moliiiari ami Feiiiiroli, Ht’nrJUe, 1908, 2793. 
llattf.r: lls Amibiitiii and Adulteration, 1874. 

Annulrs njnmomiques, 187r>, 460. 
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fat with sodium hydrate, adding tartaric acid, and distilling off the 
volatile acids. The distillate was neutralised with baryta and the 
barium salts weighed. Lechartier ascertained that from 60 gi'ams of 
butter fat, 6 grams ofliarium salts were obtained, whilst tallow yielded 
but one-twentieth of this quantity. The practical application of this 
correct principle met, however, with insuperable difficulties, owing to 
the impossibility of distilling off the total amount of volatile acids 
without decomposing them to some extent. 

Reichert showed, however, that by determining a ilefinlUt proportion 
of the volatile soluble acids obtained under certain fix(‘d condition.s, 
reliable indications could be arrived at in the examination of butter fat. 
Although Reichert's^ j)roccss does not yield ab.soliitc numbers, still 
it constitutes a valuable method in that it furnislics a weasure of the 
total volatile acids present in an oil, fat, or wax. For purposes of 
cojnparison, notably in the examination of butter fat, the relative 
numbers thus obtained are of great importance in fat analysis. 

Reichert originally proposed to ascertain the number of c.c. of 
decinoi'inal alkali required for the saturation of the soluble volatile 
fatty acids obtained fi-om 2-5 grins, of substaiu^e ; at jiresimt it is 
customary to take 5 grms. as first suggested by Meissl. In order to 
avoid eiTors, the weight of fat to which the value relates should always 
be stated. In the following ])ages the Reichert (K.) value always 
I’cfers to 2-6 grms. of substance and the ReAchert-Mcissl (R.M.) value, 
or Reichert-Wolhiy (R.W.) value, to .6 grms.^ As the Reichert value is 
an arbitrary one, it is absolutely essential to adhere strictly to the 
following details - 

Weigh off accurately 5 grms.^ of the melted and ])uriffcd fat in a 
flask of about 200 c.c. capacity, and add about 2 grms. of sth-k potash 
(conveniently kept in stock in ])ieces of about fhe same length) and 
60 c.c. of 70 per cent alcohol. Saponify by heating on the water-bath 
with frequent shaking, until the alcohol ha.s evaporated off < omi»leloly. 
Dissolve the remaining soap paste in 100 c.c of water, add 40 c.c. of 
dilute sulphuric acid (1 : 10) and a few small pieces of pumice. Fit 
to the ffask a T-piece jn-ovided with a bulb, and connect with a Liebig 
condenser. Distil the liquid carefully so that 110 c.c. pass over within 
about one hour. The distillate is received in a measuring llask, and 
100 c.(^ are filteriHl into another measuring flask. Add phenolphtlialein 
to the filtered liejuid, and tilj-ate with deciuorniiil caustic pota.sh until 
the acid is exactly neutralised. The number of c.c. used is multiplied 
by M and thus the Reichert-Mcissl value is obtained. This value is 
about equal to the Reichert value multiplied by 2-2 (cp. Vol. II. Chap. 
XIV. “ Butter Fat ”). 

Thus, if 28 c.c. of decinormal caiisth^ alkali are obtained for 6 grms. 
of butter fat, the ReAchcrt-Meissl value of that butter fat is 28. 

The necessity of using alcohol free from acid and aldehyde must be 

' ('hem., 1879, 18, <»S. 

^ It shontl lie <listinctly imteil tliat tliu liekhert-Melad value in not necessarily twice 
tlie Heichert value. 

])ingl. Journ., 23^, 229. 
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emphasised. The safest plan is to carry out a blank test side by side 
with the sample, and to take the difference between the two determina¬ 
tions as the actual result. Even the purest alcohol will give a small 
amount of volatile acid in the blank test. Impure alcohol gives rise 
to the formation of acetic acid, and must therefore be rejected altogether. 

It should be distinctly understood that only a portion of the volatile 
fatty acids is recovered by this distillation process. Richard Meyer 
showed that on distilling in a current of steam a value greater by 25 
per cent is obtained. II. D. Richmond ^ stated, that in the case of 
butters only about 87 per cent of the total volatile acids are found in 
the distillate obtained by the Reichert-Wollny process. The author 
as(H‘rtained tliat 2*5 grams of butter fat distilled in a current of steam 
until 5(X) c.c. were collec.ted, required 22 c.c. of decinormal potash. 
Jensen ^ stated that in the case of butter fat, the distillate obtained by 
the Reichert-Mei.ssl process contains 85 to 88 per cent of the total 
butyric acid, 85 to 100 per cent of the total caproic, and 24 to 25 per 
cent of the total ca})rylic acid of the fat (cp. Chap. VIII.). Hence the 
necessity of always working under strictly the same conditions becomes 
apparent.® 

Traces of higher fatty acids * pass over together with the volatile 
acids, and are found in tlie distillate as minute oily drops or solid 
particles. They do not, however, vitiate the result, as they are removed 
by subsequent filtration. (Cp. Chap. VIII. and “ Butter Eat,” Vol. II. 
Chap. XIV.) 

The excellent Reichert process has not e.scaped tlie fate of nearly all 
modern methods used in fat analysis, viz. that of receiving at tlic hands 
of numerous analysts a number of supposed improvements, mo.st of 
whi(;li are altogether insignificant or, at best, offer doubtful advantages. 

WoUny ® raised a number of objections to the foregoing process, 
pointing out the following sources of error : (1) absorption of carbon 
dioxide during saponification, introducing an error up to 10 per cent; 
(2) formation of esters during the saponification, causing a loss of 
8 per cent; (3) formation of esters during the distillation with a loss 
of 5 per cent; (4) coherence of the fatty acids during the distillation, 
wliich may, in some cases, involve a loss of as much as 30 per cent; 
(5) tl)e varying form and size of the distillation flask and the time the 
distillation lasts, which may influence the result to the extent of i- 
5 per cent. These objections have been refuted by v. Raumer and 
Sendtner. However, since Wollmfs process has been adopted by a 
Joint Committee of the Government Laboratory and the Society of 
Public Analysts as the standard method for the determination of the 

» Am.h/.st., 1895 , 218 . 

^ Xeits./. Uuters. d. Nahrgs- u. (I'ennssm., 1905, 272. 

^ Tlie Frem^h otticial iiiethoil (pnjMcribcil for tlie exaniiiiiUioii of butter fat) aims at 
the (letermiuatioii of the total ninouiit of soluble fatty .iciiU. Cp. Chap. VIII. 

It has l>ceu stilted that traces of sulphur also occur in the dislilhites from butter 
fat. As suljdiur is found even if phosphoric acid be suVistitutcd for sulphur ic acid, it 
would apj>e.ar that sulphur iu the distillate must be ascribed to traces of sulphurised 
compounds in butter fat, or at lea.st in some butter fats. Cp. A. Briining, Zdts. /. Unters, 
il. Nahrgs- u. Omtissm., 1908, xv. 667. 

® Journ. iioc. Chem. Ind., 1887, 831. 
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soluble volatile fatty acids in butter and marpiarine, I describe it in the 
form published by the Committee,^ and add some explanations in 
brackets. 

Reichert-Wollmj ZVoccss.—-Five grams of liquefied fat arc introduced 
into a 300 c.c. flask, of the form shown in Fig. 37 (length of neck 
7 to 8 centimetres, width of neck 2 centimetres). Two c.c. of a caustic 
soda solution, prepared by dissolving 08 per cent sodium liydrate in 
an e(pial weight of water—protecited from the action of atmospheric 
carbonic acid -and 10 c.c. of (about 92 per cent) alcohol are added, 
and the mixture is heated for fifteen minutes under a reflux condenser, 
connected with the flask by a T-piecc, in a batli containing boiling 



water. The alcohol is evaporated off by heating the flask on the 
water-bath for about half an hour, or until the soap is dry. One 
hundred c.c. of hot water whic^h have been kept boiling for at least 
ten minutes (to drive out all dissolved carbonic acid, the retention of 
which would vitiate the result) are added, and the flask is lioatcd until 
the soap is dissolved. Forty c.c. of normal sulphuric acid and three 
or four fragments of pumice or broken pipe-stems are added, and the 
flask is at once connected with a condenser by means of a glass tube 
7 millimetres wide, and 15 centimetres from the top of the cork to the 
bend. At a distance of 5 centimetres above the cork is a bulb 5 centi¬ 
metres in diameter. The flask is supported on a circular piece of 
asbestos 12 centimetres in diameter, having a hole in the centre, 5 
centimetres in diameter, and is first heated by a very small flame, to 


^ Analyst, 1900, 309. 
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fuse the insoluble fatty acids, but the heat must not be so great as to 
('Huse the li({ui<l to boil; when fusion is complete, the heat is increased,^ 
110 c.c. are distilled off into a graduated flask, the distillation lasting 
al)Out ‘10 minutes (from 28 to 32 minutes). The distillate is shaken, 
KX) c.c. are filtered into a flask, 0-5 c.c. of jffienolphthalein solution 
(1 grm. in 100 c.c. alcoliol) is added, and the filtrate titrated with 
decinortnal soda or baryta solution. In precisely the same manner 
(witli the same reagents), a blank test should be made, and fhe amount 
of decinormal alkali recjuired to neutralise the di.siillate ascertained. 
This should not exce(;d 0-3 c.c. The volume of decinormal solution 
of alkali used, less tlie figure obtained in tlie blank experiment, is 
multi|)lied by 1-1. The, number so found is the Reicliert-WoUmj value. 

Tlie w(^U-known fact (see above) that in the Reichert distilUilion 
process only part of the volatile acids is distilled off has induced sonic 
analysts to modify it and to attem})t to obtain the total quantity. 
Tims it has been ])ropo.sed to repeat tlie distillation several times with 
fresli quantities of water. But not only does this take up more time 
than can bti conveniently allowed for a technical analysi.s, but a source 
of error is tliereby introduced, inasmui-h as with each distillation 
decomposition of the non-volatile acids takes ])lace. (Cp. also Chap. 
VIII.) 

In order to obviate the (supposed, cj). Chayi. II.) formation of 
cthylic estei’s of the volatile fatty aci<ls {WoUny's second objection), 
Tjf'ffmann and Beani^ (cp. Vol. II. (/hap. XTV.) proposed to saponify 
with a concentrated solution of caustic soda in glycerin. This process 
is convenient owing to its rapidity (see “ Bultei' Bat,” Vol. 11. Oliap. 
XIV.), and has therefore been introduced by Pole.Dskc in tlie process 
of dctei’inining tlie titration number of tlie insoluble volatile acids 
(see below). Tlie method is carried out as follows : 5 grins, of butter 
fat arc phu-ed in a 300 c.c,. flask and heated witli 20 c.c. of a solution 
of caustic .soda in glycerin (prepared by dissolving 100 grins, of caustic 
soda in an equal weight of water and mixing 20 c.c. of tliis solution 
with 180 <;.c. of pure concentrated glycerin) over a naked flame for 
2 to 3 minutes, until the water lias evaporated off and the liipiid has 
become clear (cp. also Vol. 11. (lhap. XIV. “ Butter Bat ”). 

WrampeJtneyer {IjDidw. VersnclmtaL, 1807 (49), 215) states that 
caustic potash does not yield satisfactory results. It is dillicult to 
understand why this should be so ; hence Wrampebneyer’s statement 
requires confirmation. Caustic potash, in fact, oiiglit to work better, 
as it would yield more readily soluble soaps.® 

Paal and Amheryer'^ state that in the case of cocoa nut oil and 
butter fats containing considerable jiroportions of cocoa nut oil, the 

' Thu heating of the asbestos pl.ate itself slioiilil Ihj guarded against, as .serious errors 
arise if the asbestos should become overlicate<l. 

Atuih/st, 1891, l.'iS ; cp. also Karsch, C'he.m. Zdt., 189(5, 207- 

<lp. also i^iegfeld, C'lmn. Zdt., 1908, 1128. 

■* Zdls.f. (Jiders. it, Nakrgn- n. (Jenussvi., 1909, 10. 
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saponification with alcoholic potash proceeds more rapidly than with 
glycerol soda or glycerol potash. 

The values obtained by Leffniann and Beam's method are practically 
identical with those obtained by the Reivherl-Wollny process, as the 
author can testify from his own experience. 

Instead of saponifying witli alcoholic caustic alkali, Kreis })roposed, 
in the case of butter fat, to saponify with conceutrated sulphuric acid. 
This method cannot be recommended. The details and a criticism 
of tlie method are given in Vol. U. Chap. XIV. under the heading 
“ Butter Fat.” 

Whilst in tlie case of butter fat it is admissible to work with 2-5 
grins.,^ as was proposed originally by Reichert, and to multiply the result 
by 2-2, in order to obtain numbers comparable with those found i>y 
tiic Reiche.rf-Mcissl or Reicherl-Wolliiy ))rocess, deviations from the 
figures 2-5 grins, and 5 grins, would produce misleading rcisulls, as the 
following table, due to Arnold,^ shows : — 


Volatile Fallif Acids in- Butter Fat (htermiued hi/ the 
Re ichert' Me issl Process 


of Uiitter 
I’al. 


I'.c. iiorinal K<)H rfiiuir*'*! lor 
Soliibli- Voliilili' Ariils. 


1 Him. 

2 nriiis. 

3 

4 „ 

5 

10 „ 


1205 

17-38 

22-28 

27-00 

50-44 


Wlien using 10 grins, of Imtter fat in the Reichert-Meissl process, 
Paal and Amheryer found in one case a considerably lower Reichert- 
Meissl value than under normal conditions ; in other cases the Reichert- 
Meissl values obtained with 10 grins, approximated to tho.se obtained 
under normal conditions. 

The (piantity of 5 grms. must, liowever, be rigorously adliered to in 
the case of cocoa nut oil and palm kernel oil. For whereas in the 
case of butter fat the large proportion of butyric acid in tlie volatile 
acids renders the result less dependent on the amount of substance 
weighed off, the absence of butyric acid in cocoa nut oil and jialm nut 
oil and the presence of large (piantities of caproic and caprylic acids 
lead to completely different results when varying (piantities of substance 
are used. This becomes apparent by a glance at the following table, 
due to Orln Jensen : ^ 


^ f. Ihitcrs. d. Nahrgs- v. Oenus'on., 190P. 10. 

Ibid., 1907, xiv. 162. ^ Ibid., 1905, 272. 
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Volatile Fatty Acids in Cocoa Nut Oil determined hy the Reichert- 
Meissl Process 


1-0G54, say 

1 grm. . 





19-2 

„ 

2 grms. . 





13-0 

3-9720 

4 „ 





7-7 

4-9907 „ 

5 „ 





U-8 

0-3932 „ 

0 ,, 





6-0 

7-8043 „ 

8 „ 





.5-5 

11-9108 „ 

12 „ 





4-8 


This point becomes all the more accentuated by comparing the 
results recorded in the preceding table with those ascertained l)y 
ArnoldA 


Wi'iglit of Cocoa Nut. 
Oil. 

1 grtn. 

2 grni.s. 

3 „ 

4 » 

10 ” 


e.c. iV, iionii. KOII for 
Soluble Volatile Aoi<is. 

4-fi« 

. O'OS 
7-04 
7-87 
o-af) 

10-45 


in the case of “ Apeiba oil ” the author's experiments show that 
the difference is not so pronounced, as in the case of cocoa nut and 
palm nut oils. Whereas the volatile soluble acids from 3-1 grms. of 
Apeiba oil required 7-57 c.c. norm. KOH, 5-3 grms. required 7-75 c.c. 

Since the volatile fatty acids of butter fat arc for the most part 
also soluble in water (see above), several methods were proposed for 
the determination of the soluble acids (see Chap. VIII.). 

Most of the naturally occurring oils and fats contain but small 
quantities ot volatile soluble fatty acids. Therefore, the Reichert 
values of the majority of oils, fats, and waxes arc very low. As a rule 
they are below 0-5; hence, the Reichert-Meissl values of the majority 
of oils, fats, and waxes are below 1-0. It is evident, tlierefore, that a 
somewhat high Reichert-Meissl value will constitute a distinctive 
characteristic of an oil, fat, or wax, and that very valuable indications 
as to the nature of an oil, fat, or wax are obtained by determining its 
soluble volatile acids by the Reichert-Meissl process. 

In the following table 1 collate those oils, fats, and waxes for which 
the Reichert-Meissl numbers exceeding 1*0 have been recorded. It 
must, however, be borne in mind that many of the oils enumerated in 
the following table would disappear from it, if the specumens had been 

’ Ztits, f. UnUrs. d, Nahrys- u. (Jenusam., 1907, xiv. 105. 
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examined in the fresh state. Those doubtful oils have been marked 

with an asterisk. 


Re.icherl (R.) and Reickert-Meissl (R.M.) Values 

* Lallernantia oil ... . 

1-C5 (R.) 

* White acacia oil . 

1-2 (K.M.) 

* Cedar nut oil .... 

2 0 (R.M.) 

* Yellow acacia oil . 

2-7 (R.M.) 

* Strawberry seed oil ... 

21 (R.M.) 

* Clover oil, red ; white 

3-3 ; 3-5 (R.M.) 

Soriiuleia oil .... 

7-{)2 (R.) ? 

* Maize (corn) oil .... 

4-2-S) ‘) (R.) 

* Kapok oil .... 

3-3 (R.) 

Myrtle seed oil ... . 

9-Go (R.M.) 

Croton oil . 

12-13-G (R.M.) 

* Sorjrhum oil .... 

21 (R.M.) 

Spindle tn^e oil . 

S.'i-Sl (R.M.) 

* Small fennel oil .... 

.'>••1 (R.M.) 

* Whcatiueal oil ... . 

2-8-4-90 (R.M.) 

Oleander oil .... 

10-2G (R.M.) 

Senega root oil .... 

G-43 (R.M.) 

Lyoo|iodium oil .... 

7-3 (R.M.) 

Apeiha oil . 

7-7.'5 (R.M.) 

Maliikang oil .... 

45-r)o (R.M.) 

Turtle oil . 

4-G (R.M.) 

Uugong oil . 

2 G (R.) 

Dolphin oil ..... 

5-G (11.) 

Dolphin jaw oil . 

(R.) 

Porpoise body oil . 

23 G-40-7 (R.) 

Porpoise jaw oil . 

47-77-()5-8 (U.) 

•Brown fish oil ... . 

42-1 (R.M.) 

* Chrysalis oil. 

3-38 (R.M.) 

* Laurel oil . 

1-6-.5-4 (R.) 

* Carapa oil . 

3-r) (R.M.) 

* Imikiisu oil . 

2-05 (R.M.) 

Macassar oil. 

9 (R.M.) 

* Nutmeg butter .... 

1-21 (R.M.) 

Miiriti fat . 

5-0 (R.M.) 

Mocaya oil . 

7-0 (R.M.) 

Arooa nut fat .... 

4-2 (R.M.) 

Maripa oil . 

4-45 (R.M.) 

Palm kernel oil . 

5-G (R.M.) 

Cocoa nut oil ... . 

7 (R.M.) 

Tonka butter .... 

5-4 (R.M.) 

Butter fat . 

26-33 (R.M.) 

* Elax wax ..... 

!)-27 (R.M.) 1 

The extraordinarily high numbers of porpoise and d61])hin oils are 

due to the presence of valeric (?) acid. Amongst the solid fats, butter 

fat is notable on account of its high Reichert-Me issl value ; therefore 

this number affords a most valuable means 

of identifying butter fat 

and distinguishing it readily from other fats. 
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4. Titration Number of Insoluble Volatile Fatty Acids 

The. litraTion lunnher of insoluble fatly acids indicates the number of 
c.c. of deciiionnal potassium hydrate required for the neutralisation of 
that portion of the insoluble, volatile fatty acid which is obtained from 
ft grins, of fat or wax by the Polenske process. 

Ill the description of the Reichert distillation process it lias been 
pointed out that the distillate of 110 c.c. must be filtered in order to 
remove tliosc insoluble volatile fatty acids which liave been carried 
over with the steam and have condensed to liquid or solid acids. These 
are removed wlien filtering the di.stillate in order to obtain the 100 c.c. 
which are titrabMl for the determination of the Reichert-Meissl value. 

tSalkoirski ’ was the first to propose the determination of the iiisohdile 
volatile fatty acids by dissolvin*^ the residue, left on tlie filter in Reichert’s 
distillation process, in alcohol and titratinjf with decinormal alkali. 
Salkowski distilled first in the manner directed by Reichert, and then 
dro\’c off further quantities of both solidile and insoluble fatty acids 
by fillin^i up the flask several times in succession with 110 c.c. of water. 
The details of two experiments, in each of wliich 5-015 grins, of cocoa 
nut oil were used, may be given here. 


' J. 1st distillate 
j 2ml di.stillate 


11. 1st distillate 
2nd distillate 
:{rd distillate 
4th distillate 
5th Uislillat<‘ 


of di-cinorinal Alkali 
rcqiiin'd tbr iSoluMo 
Volatile Ai'iiis in 100 c.c. 


7 ()(» 

3-2() 

10-20 


0-70 

3 - 4.5 

2 . 5.5 

1-80 

1-.50 

10-00 


c.c, ol (ii'cinoiinal Alkali 
rc<jiui>sl for ItisoIiiIiI'- 
VoluUkf Aciils ill Luli.l 
Dislillutc of UiO c.c. 


10-00 


18-05 


10-00 

7-25 

0-35 

0-00 

5-20 

35-70 


As thi.s method is too cumbersome, special methods, simulating the 
Reichert process and based on the principle introduced by Salkowshi, 
have been worked out in recent years independently by Muntz and 
Coudon and by Polenske. Since Muntz and Condon's process applies 
especially to the French official method of examining butter fat, and 
has therefore not acquired that general application which PolensJce’s 
process has gained, the former process will be described under “ Butter- 
Fat,” Voi. II. Chap. XIV. 

* Zeits.f. unalyt. t'hevi., 1887, xxvi. 581. 
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Polenske ^ adapts himself so closely to the Reickert-Meissl process, 
that botli determinations, viz, that of the Reicliert-Meissl value and 
of the titration niimher of tlic insoluble volatile acids, can be carried 
out consecutively in one operation, 

Pole.nske saj)onitics 5 grms. of filtered fat (butter fat), by the 
Leffitmnit-BaaiH proces.s, with 20 grms. of glycerin and 2 c.c. of caustic 
soda solution (prepared from ecpial 
parts of sodium hydrate and water) 
in a ^300 c.c. flask l)y heating over a 
free llame. The .solution is allowed 
to cool below KX)° C., 90 <-.c. of 
water are added, and the mass dis¬ 
solved by warming on the water- 
l)ath to about 50"^ C. The solution 
mu.st be clear and almost colour¬ 
less. In case a brown solution be 
obtained, the test must be rejected. 

50 c.(^. of dilute sulpliuric, acid 
(containing 25 c.c. of pure concen¬ 
trated sulphiiiic acid in 1(K)0 c.c.) 
and some powdered pumice (not 
aluminium wire) are addisl to the 
hot soap solution ; the llask is then 
iinmedialely attached to the con¬ 
denser. The ap])aratus to be em- 
]doyed must correspond in all 
details to the dimensions giv(;n in 
Fig. 38. An asbestos plate must 
be used exactly as described iti 
connection with Fig. 37 ; on no 
account must wire gauze be used 
for lieating, as very capricious 
results are obtained owing to the 
irregular lieating. The heat must be so regulated^ that within 
nineteen to twenty minutes 110 c.c. are distilled of!; ^ the cooling water 
must be supjilied at sucli a rate that the. distillate does not drop into 
the 110 c.c. flask at a higlicr temperature than 20'^-23'’ C. As soon as 
110 c.c. have distilled over, the distillation is interrupted, the flask 
is removed, and is replaced by a 20 c.c. measuring cylinder. 

The distillate, which must not be shaken through, is immersed 
almost completely in water of 15° C. After about five minutes the neck 

’ Ai-bcit. rri/.'; kalscd. (/eaun(lli('i(tiani(c, 1004, 545. 

- With regard to a ])roj)osal tn regulate the temperature of the still-head cp. 
C. Revis and E. U. lioltoii, A nah/st, 1911, 034. 'this, as also the ailoptioii of a iiiodilied 
Poleiiske a])paratua proposed by Goske, ZeMs. f. VnUra. d. Sahr'js- u. Oenusm., 1012 
(xxlv.), 257, would only lead to confUNion. 

* E. It. Bolton, H. 1). Richmond, and C. Revis {Aiudyaf, 1912, 185) state that if the 
small hole in the side of the still-head tiil>e (which i.s to prevent the collection of condensed 
li<lHid in tlio .still-head) is much more than 1 cm. from the lower surface of the cork—as 
originally tlcsignerl by Polenske—low values are obtained when the proportion of cocoa 
nut oil in a butter fat is high. 
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of the flask is slightly tapped, so that the oily drops floating on the 
surface may adhere to the walls of the flask. After a further ten 
minutes the consistence of the insoluble acids is noted, with a view to 
ascertaining whether they form a solid (semi-solid) mass or oily drops. 
The contents of the flask are then mixed by turning the corked flask 
four or five times upside down, avoiding, however, violent shaking. 
100 c.(;. arc filtered off through a filter of 8 cm. diameter, and titrated 
witli decinorrnal caustic potash, as is done in the determination of the 
Reickert-Meissl value. In order to remove the soluble acids completely, 
the insoluble volatile acids on the filter are washed three times in suc¬ 
cession with 15 c.c. of water, which liavc been passed severally through 
the tube of the condenser, the 20 c.c. measuring cylinder, and the 
110 c.c. flask. These wash-waters are thrown away. In order to 
collect the insoluble volatile acids adhering to the tube of the c-ondenser, 
the measuring cylinder, and the 110 c.c. flask, these vessels are rinsed 
three times in succession with 15 c.c. of neutralised !K) per cent alcohol, 
and the alcoholic washe.s poured through the filter, each quantity being 
allowed to drain before a fresh wash is poured on the filter. The 
alcoholic iiltrate is then titrated with decinorrnal alkali. 

The titration numbers of the insoluble volatile fatty acids of oils 
and fats having say)onirication value of about 195, do not exceed ()-5 c.c. 
or at most 0-65, provided, of course, the specimen be not excessively 
acid or rancid. 

Most characteristic are the titration numbers of tlie insoluble 
volatile fatty acids in tlie case of butter fat, cocoa nut oil, and palm 
kernel oil, as the following numbers show :— 


Titration Nuinlier of Insululd*' 
Volatil- fatty 
<ML ,V, normal Koll. 


Butter fat 
Cocoa nut oil 
Palm kernel oil 


2-3-3'3 

l.'>-20 

1012 


These numbers are of the greatest importance in the examination 
of adulterated butter fat, and of margarines for the proportion of cocoa 
nut oil, palm kernel oil, and milk fat. For the full discussion the 
reader must be referred to Vol. II. Chap. XIV. “ llutter Fat,” and 
Vol. HI. Chap. XV. “ Edible Fats.” 

In order to show that it is absolutely necessary to adhere rigorously 
to the quantity of 5 grins, (especially in the case of cocoa nut and 
palm kernel oils), the following tables, which are extensions of the 
tables given p. 422, may be appended :— 


[Table 
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Soluble Volatile and Insoluble Volatile Acids of Cocoa Nut Oil 
{0. Jensen) 



c.c. ^ normal KOII i-oqiiinKl Cur 


Wt^ight cjf Cocoa Nut Oil. 

. 



Soluble Volatile 

liisolui)lo Votatili- 

Proportion, 11:1. 


Acids. 

A(-i<ls. 


I. 

11. 

III. 

I 0(>54 say I grm. 

19-2 

34-2 

J-8 

1-SI2(3 2 grms. 

130 

23-5 

1-8 

3-9720 „ 4 „ 

7-7 

15-2 

1-97 

4-91)07 „ r. 

0-8 

12-7 

1-87 

0-:{l)32 „ 0 

0-0 

12-0 

2-10 

7-8043 „ S „ 

5-5 

10-0 

1-81 

11-910S „ 12 „ 

4-8 

9-0 

1-88 


The last columns, added by the author, show that the proportion 
II: I remains practically the same in the case ol cocoa nut oil, whereas 
in the case of butter fat the proportion 1: II increases with the quantity 
of fat (see Vol. 11. “ Butter Fat ”). 


Soluble Volatile and Insoluble Volatile Acids of Cocoa Nut Oil 
[Arnold] 


lit of Cocoa .Nut 
Oil. 

I'l, nortnal KOII 

Soluble Volulili- li 

i‘iiuii'e<] for 

■soluble Volattle 

Proportion, 11:1. 

Arul.s. 

1. 

Acisls. 

11. 

111. 

1 grni. 

4-(58 

8-55 

1-83 

2 grms. 

0-38 

11-90 

1-80 1 

-•i „ 

7-04 

13-75 

1-90 

4 „ 

7-87 

14-85 

1-89 


9-35 1 

10-55 

1-77 

10 „ 

10-45 1 

18-05 

1-78 j 


In the case of Apeiba oil no such variation depending on the 
quantity employed was observed ; the author found that for Sd grms. 
of oil 28-82 c.c. and for 5-3 grms 27-08 were required. 

In the case of butter fat also the variation in the titration number 
of the insoluble volatile fatty acids is not so strongly pronounced as in 
the case of cocoa nut and palm kernel oils. This is shown by the 
numbers contained in the following .table :— 
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Soltihle Volatile and Insoluble Volatile Acids in Butter Fat {Arnold) 


WpiK'lit of IJutter 
Fftt taki-ii. 

e.r, ,'n normal KOH m|iiiri-U lor 

.Soluble \’()latilc Insoluble Volatile 



Aoiils. 

I. 

AiJ^ 

III. 

1 gini. 

G-55 

1-40 

4-G7 

2 grms. 

120.'; 

1-80 

G-70 



1-1)0 

9-15 

+ 

22-28 

2-10 

10-Gl 

r> „ 

27-60 

2-25 

12-27 

10 

.GO-ll 

2-70 

18-7 


Acetyl Value 

The acehjl mh(e indicates the nutnher of millyjrams of fotassimn 
hydrate required for the neutralisation of the acetic acid obtained on sa/poni- 
fying one gram of an acetylated fat or wax. 

The dcternnn.ation of the acetyl value (acetyl nuinl)er) is based on 
the principle that glycerides containing hydroxylated fatty acids 
assimilate, on heating with acetic anhydride, one or more acetyl groujjs, 
acK^jirding to w)ietli<‘.r the fatty acids contain one or more alcoliolic 
hydroxyl groups. The chemi<;a] change consists iji the replacing of the 
iiydrogen atom of the alcoholic hydroxyl group or groups by tlio radicle 
of acetic acid, as explained by the following equations :— 

(',H5[0.C,aHai.O(0.('ai30)J,-[ .-Jl’aH.Oa 
Uiciitolt^iii. Acetic AcoLyl ricitiol.'in. Acotio 

aiitiyiliiile. ,aci.l. 

C3n5[O.C,8H,iO.(OH)j3-fG{C3H^Ob-C3n5[O.C,„H3/J.(0.rui.,())^]3+GHaO. 

H'ltivin. Tctiii-ar-otyl ill. 

The determination of the acetyl value (first proposed by Benedikt, 
see below) is carried out in the form given to it by f^wkowitsch : ^ 
10 gnus., or any other convenient quantity, are boiled with twice 
the amount of acetic anhydride for two hours in a round-bottomed 
flask attached to an inverted condenser. The solution is then trans¬ 
ferred to a beaker of about 1 litre capacity, mixed with 500 to 000 c.c. 
of boiling water and heated for half an hour, whilst a slow current of 
carbon dioxide is passed into the liquid through a finely-drawn-out 
tube reaching nearly to the bottom of the beaker ; this is done to prevent 
bumping. The mixture is then allowed to separate into two layers, 
the water is syphoned off, and the oily layer again boiled out in the 
same manner three successive times. The last trace of acetic acid is 

* Journ. Site. Chan. Ind., 1897, 503. This method was adopted at the International 
Congress of Rome. Cp. Alti del VI. Congresao intenuitiDnale d,i chimica applicata. 
Home, 1907, vol. vii. 488. 
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thus removed ; this is ascertained by testing with litmus paper. Pro¬ 
longed w’ashing beyond the required limit (causes slight dissociation 
of the acetyl product. This would lead to too low an acetyl value. 
The acetylated product Is then filtered through dry filter-paper in a 
drying oven to remove water. 

The wliole o]>eration may be carrie<l out quantitatively, and in 
that case the fatty matter is washed on the filter with boiling water, 
until the filtrate no longer reddens sensitive litmus paper. It is ad¬ 
vantageous to weigh the fatty matter left on the filter after drying in 
an oven (cp. t’liap. VIII. “ Determination of the Insoluble Fatty Acids 
and Unsapouifiabic Matter ”) if it is desired to ascertain preliminarily, 
whether in an unknown fat a notable amount of glycerides of liydroxy 
acids are present (cp. below “ Diglycerides and Monoglycerides ”). 

About 5 gnus, of the acetylated product are then saponified by 
boiling witli alcoliolic potash, as is done in tijc determination of the 

*Saponifi<‘ation Value.” If the “ distillation process ” he adopted, 
it is not ne(-essary to work with an accurately measured quantity of 
standardised alcoholic potash. In case the “ filtration process ” he 
used, the alcoholic potash must he measured exactly. (It is advisable 
to use in citlior case a known volume of standard alkali, as one is then 
cnahhul to determine tlie saponification value of tlie acrctylated oil or 
fat.) Next the alcohol is cva]>orated off and the soa]) dissolved in 
water. From this stage onwards the determination is caiaicd out 
eitlicr hy (a) the distillation process, or (i!>) the filtration ])rocess. 

(a) Dislillaliou Process .—Add dilute sulphuric acid (1 : 10), more 
than is rcfiuirod to saturate the potash used, and distil the liquid in 
a current of steam. 6(K)-7()0 c.c. of water are distilled off. As a rule 
this will be quite .sufficient, for the last 100 c.c. will be found to 
re(|uirc no more than 0-1 v.c. of dccinormal alkali. Then titrate (he 
distillate with dc<-inormal ]>o(ash, using phonolphthalciii as an indicator, 
multiply the number of c.c. by and divide by the weight of 

substance takeiK This gives the (icetijl value. 

(/>) Fillraiion /Vocc.9.'?.--Add to the soa]) solution a <[uantity of 
standardised sulphuric aci<l, exactly corresponding to the amount of 
alcoholic potash employed, and warm gently, wdiereupon the fatty 
acids will readily collect on the top as an oily layer. (If the saponi¬ 
fication value has been determined, it is, of course, necessary to take 
into account the volume of acid used for titrating back the excess of 
potash.) Filter off the liberated acids, wash with boiling water until 
tlie washings are no longer acid, and titrate the filtrate with dccinormal 
alkali. The acetyl value is calculated in the manner shown above (a). 

Botfi methods give identical results ; ^ the latter requires less time 
and will, therefore, be found more convenient. 

I The distilled water used in determining the “ value ” hy either the 
distillation or filtration process must be carefully freed from carbonic 
acid by previous boiling, as otherwise serious errors will follow. Even 

' Freinullich {C/ieni. liev., 1908, 106) states tliat iii tlie ease of Njave butter {.see 
Vol. II. (JliajK XJV.) rlivergent results were obtained ; the cause of this has not, liowever, 
been investigated by him. 
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the water used for generating steam in the distillation process should 
be brought into violent ebullition before the steam is passed into the 
distilling flask. In the case of very hard water this source of error may 
easily creep in. Check experiments with pure acetic acid will readily 
guide the operator. In order to facilitate the separation of the in¬ 
soluble fatty acids in the filtration process, it will be found useful to 
add a slight excess of mineral acid. Of course this amount, which 
need not exceed 1 c.c. of normal acid, must be measured accurately and 
deducted from the alkali required for determining the dissolved acids.^ 

Ihire triglycerides containing no hydroxylated acids have no acetyl 
value ; pure glycerides of hydroxylated fatty acids yield acetyl numbers 
which arc in complete agreement with tlicory. In these cases the acetyl 
value is a characteristic. Tlie following table contains the theoretical 
acetyl numbers of some triglycerides :— 


Aci’tylatcd Glyo-rifie. 


Glycoido 



Mol“- 


Iiisotnlilc'- 




Fonniitiu 

eular 

tic'll tion 

Hatty 

Valiu!. 




Wi-lKl.t. 

^allle. 

AckI.s. 




KOIJ. 







r>;r crtit. 

Mgriiiri. 

KOU. 

Ricinolein . 

C,IT,[0 

c,fiii^.o(o.c..irp)3, 

1058 

318-2 

84-49 

1.69-1 

Hydroxystcavin . 

0,11,10 

o,«iiy^O(o.o.,n.,0)j3 

1064 

316-3 

84-OC 

158-1 

Diliydroxystearin. 

0,!I,,[0 

0„ll„0(0.C,ll,0),|, 

1238 

407-8 

76-67 

271-9 

Trihydroxysteavi u 

CJI:.tO 


1412 

476-8 

7()T>i 

3,6 1 -6 

Sativin 

C-dljO 

(,'„Il.„0(O.€.,ll.,0 i,l3 

]:>8(j 

,630-5 

6;'.-81 

4-24-3 

Linusin 

CsHsLO 

(:,„ii,^j,0(0.u,ii3())cJ3 

1934 

609-2 

:.s-94 

5-22 1 


In practical analysis, if a mixture of a pure glyceride of liydictxylated 
acids of known composition with a pure glyceiide wJiich is free fi‘om 
hydroxylated acids be givoji, the determination of the acetyl value 
enables us to calculate the proportion of the hydroxylated glyceride. 

A case of this kind is exemplified by castor oil, which consists 
preponderantly of ricinolein. Th(5 foregoing table gives ® as the 

' Noriiiaini {Chevi. Jie.vue, 1912, 20,')) proposi's an alilireviatwl metliod for tin-, deter¬ 
mination of tbe “hydroxyl value." 'I’liis niethod cannot ho roconunended. ('p. also 
TwitcheU’s " liydroxyl value,” footnote 3, this page. Still more open to very s<!rious 
criticism are the notes reffanling the acetyl value given hy Willstiitter and Madinaveitia 
{}ierirh(e, ]i>12, 2828). who (daini to have ohtaiiicil small acetyl values with a specimen 
of “ trislearin.” In the author’s opinion the two results given hy Wilhstiitter and 
Ma<tinaveitia arc duo to e.vpcriniental errors (for a siiggo.ste<l explanation eji. tahlo p. 
434. 

- For tlie method of determining the in.solnhlo fatty aciJ.s see Cdiap. Vlli. 

^ In order to avoi<l confii.sion, which .seems to have ari.sen, attention should again be 
drawn to the <lelinitioii of the “ acetyl value " a.s giv<3n above. (C'p. also Journ. .S’«c. Chan. 
Ind., 1897, 504, and An'ihi.d, 1890, 321, where it is e.vpl.aineil why it is permissible, in 
some cases, namely, when the acetyl value is low, to refer the value to the oil itself, 
although it is tlie ai etylated proiluct which is weighed olf. 

'I'witchell {.lotirn. .Iwjcr. Chc.m. Soa, 1007, .'>66) determines the “hyilroxyl vahie’’ 
by esterification of the alcoliolie hydroxyl group of fatty aei<ls in the ju-esence of 
Twitcheil's re.ageiit. flis "hydrnxifl valvp," refers to the oil itself, and although the 
value is analogous to the ‘‘acetyl value,” it is not identical with it a.s, according to the 
definition given above, the acetyl value refers'to the acetylated product. 
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acetyl value of pure ricinolein. Suppose the examination of a com¬ 
mercial sample of castor oil gave the acetyl value 150-3; then the 
percentage of ricinolein in the sample will be found from the proportion 
159-1 : 100 :: 150-3 : x ; x = 94-4 per cent. 

Free alcohols undergo tlie same chemical change on heating with 
acetic anhydride, that is, they also assimilate an acetyl group in exchange 
for the hydrogen atom in the alcoholic hydroxyl group. This is 
exemplified by the following equations 

C,«lt 3300 f (C^HgOaO - -hCaH/V 

Cetyl Acetic Cetyl .Acetic 

alcoliol. atiliydriilc. acid. 

CaHfitOH L 1 SfO.HsOhO-OaHstO. CjHaO Lf 3CjH A- 
(Jlycerol. Acetic Triacetiii. Acetic 

aiiliydrelc. acid. 

The following table gives the theoretical acetyl values of a number 
of pure alcohols :— 


Acetyliited Alitoliol. 



roriimlu 
of Acetute. 

AfoW'.ubr 
■ Wciglit. 

j Acetyl Vuhio. 

Cotyl alcohol . . . . , 

C„.lT,„O.CJLO 

284 

1 197-5 

Octoilecyl alcohol 

C„Fl„ 0 .e,H 30 

312 

1 179-8 

Ceryl alcoliol . . . . | 

c..„ii...o.aH,o : 

424 

132-3 

Melissyl (l^lyrk-yl) alcoliol . i 

C^H^lO.UlIgO 1 

480 

116-9 

Cholesterol \ 

I’hytosterol/ ‘ ' ' ' 1 

C„,H„O.O..H 30 

428 

i 131-1 

Glycerol . 

■ C;,TI.l 03 (C-jTIyO )3 

218 

1 772-0 


From tJie acetyl value the proportion of the pure alcohols can be 
calculated, provided tlicir composition be known. Thus the proportion 
of gly(;erol in a commercial glycerin, or of cholesterol in a mixture, can 
be determined by ascertaining the acetyl value (cp. Glycerol, “ Acetin 
Method,” p. 448, and “ Cholesteryl Acetate,” Chapter IX.). 

If tlic chemical composition of a hydroxylated triglyceride con¬ 
tained in an oil or fat, or of an alcohol contained in a wax, be unknown, 
then the acetyl value would still be a measure of the proportion of 
hydroxylated triglycerides or of the alcohols respectively. If both 
hydroxylated triglycerides and alcohols be present simultaneously, 
the acetyl value would naturally be a measure of the sum of both, viz. 
hydroxylated triglycerides and alcohols. Even in the latter somewhat 
more complicated case, the acetyl value would still rank as a character¬ 
istic, just like the saponification value or the Reichert-Meissl value. 

The foregoing remarks apply to pure triglycerides and pure waxes, 
and hold good as long as no other substances capable of assimilating 
acetyl groups be present. It has, however, been pointed out already 
that natural oils and fats contain varying quantities of free fatty acids 
(see below, Acid Value), due to the varying amount of hydrolysis 
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which the natural oils and fats have undergone. These partially 
hydi’olysed natural oils and fats contain small quantities of mono- 
and di-glyccrides which are capable of assimilating acetyl groups by 
exchanging the liydrogen of their alcoholic hydro.xyl group or groups 
for an acetyl group or groups, as is e.xcmi)lified by tlie following two 
equations :— 

C3H,{0Il),(O.<VII.5O)-|-(C'3tl3O),0-C:3lL(0.C,H30),(0.(’,Jf350) I-H3O. 

Monu-sK’iii in. Di-iicetyl-nionosLeanii. 

r,HaOH)(O.C„H,,sO)j |-(tW))jO»=C,Hs(().f,IIjO)(O.C,.TUO), I (:,ll,0,. 

Ui^U^ariti. Acrty! f]isl'' ii iii. 


This will be readily seen from the following table, stating the acetyl 
values of pure mono- and di-glyc(U*idcs. in the case of those mono- 
and di-glyeerideswhicli contain liydroxylated fatty acids in the rnolecaile, 
au additional amount of acetic anliydride will be assiiriilated, tlius 
considerably increasing the acetyl value of such glyccridc's. 


[Table 



Acetyl Values of Pure Mono- and Di-glycerides 
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Tlie extent to which natural oils and fats become hydrolysed in 
course of time varies (see Cliap. I.). Therefore, the amount of mono¬ 
glycerides and diglycerides will vary accordingly ; hence the acetyl 
value will likewise vary. 

It follows, then, that in the case of the natural oils, fats, and waxes, 
with the exception of castor oil, the acetyl value will be a variable. 
It may be em])hasiscd again that in the case of castor oil the acetyl 
value is a characteristic, because castor oil is practically a pure tri¬ 
glyceride of ricinoleic acid (or of its isomerides). 

Tlie acetyl value of those natural oils and fats whitli contain volatile 
or soluble fatty acids, as found by the, above method, would include a 
certain amount of alkali absorbed by the volatile or soluble fatty acids 
described above. Therefore, without the necessary correction, the 
acetyl values found are too high, viz. by the amount due to the volatile 
acids. I have therefore termed the acet}'I values found direct “ apparent 
acefi/l values.'' The true acetyl value is found by determining tho 
amount of j)otash ie<|uired to saturate the volatile acids of the original 
oil or fat in precisely the same manner, and deducting the number thus 
obtainetl from the apparent acetyl value ^ {cn. Chai). Vlll. “ Volatile 
Fatty Acids ”). 

In the following table I give a list of a number of acetyl values 
determined by the above-described method, after deducting from the 
apparent acetyl values tlie amounts of potash reejuirod by the naturally- 
present volatile acids. The acetyl values contained in the following 
table represent, therefore, the true acetf/l values :— 


True Acelyl Values of Oils, 

Fats, 

and W 

axes 

( Lewkoivitsch) 

Linseed . 





3-98 

Caiullo nut 






.Safflower . 





lUl 

Rape 





14-7 

Araehis . 





DOG 

Haze! nut 





3-2 

01iv(! 





10-G4 

Elderberry 





1.T5 

.Tapano.se sardine 





130 

Cod liver 





4-8 

Skate liver 





10-0 

Shark liver 





no 

Seal 





lG-5 

1 lorses' foot 





130 

Neat’s foot 





220 

J?alin 





18 

Sawarri . 





7-0 

Cacao butter 





2-8 


’ Tliu.s recently J. Caino (Bull. df.s Bckne. jiharviacdoij.^ 1908 (August), 442) found 
the apparent acetyl value of a .‘ipecinicii of oleaiKler oil 30, whereas the true acetyl value 
was alino.st nil. 
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True Acetyl Values of Oils, Fats, and Waxes {Lewkowitsch)—continued 


Tahn nut 

. 1-9-8-t 

Cocoa nut 

01)-12-; 

Japan wax 

. 27-3r2 

Lard . . . . 

2() 

Beef marrow 

4-2 

Hone . . . . 

. 11-3 

Beef tallow 

. 2-7-8-() 

Butter . . . . 


Sperm . . . . 

. 4-5-0-1 

Arctic sperm 

4-1.64 

Carnaiiba wax 

r).5-2t 

\Vool wax 

23-3 

Beeswax .... 

15-24 

Spcnnaccti 

2-93 


Tliuse tnio acetyl values must not lie looked upon as “ character- 
isties,” but as “ variables,” whieii furnish a measure of the amount of 
mono- and di-glycerides in the case of oils and fats, and of free alcohols 
in the case of v/axes. 'Fhey also inclmU*. that amount of potasli which 
is nuiuirod for the saponification of the acetylated cholesterol or phyto¬ 
sterol (as the case may be). 

The author has further pointed out ^ that the acetyl value may 
furnish a measure of tlu* state of rancidity, if <‘onsidered in conjunction 
with the acid value (see table, Chap. I. }>. 57). 

The acetyl value was first jiroposed by Benedikt as a “ constant ” 
(see p. 378) in the examination of oils and fats, and the process given 
liy Benedikt and, Ulzer “ for its determination apjilied to the insolnhle 
fatty acids, and not to the fats and oils themselves. In this proci-ss 
the authors determined first tiie amount of alkali re(pnred to neutrali.se 
1 grm. of a(^etylated fatty acids—“ acetyl acid value ”—and further, 
in a second experiment, the amount of potash reipiired both to saturate 
the free acid and to combine with the acetyl group split oil on boiling 
with alcohoiic potash—“acetyl saponification value.” The dilference 
of the two amounts of alcoholic potash was termed hy Benedikt the 
“ acetyl value.” 

The neutralisation and tlie saponification of the acetylated acids 
were, therefore, siipimed to take place in two stages according to the 
following equations:— 

1. Ci-ll32(O.C,H/)).C'O01I fKOH-CijH3,(().(4H.,())CO()K+HaO. 

Acrtyl-ririimleic acid. J’uUs-siutii salt. 

2. Ci,H32(O.CaH3())COOK-fKOH 0„H32{OH)OOOKH fUlgOaK. 

FoUissiuin acctyl-ricinnlcoUj. I’utHssimn liciiK'lcalc. 

• Cp. Lewkowitscli, “The Meaning of the Aoctyl Value in Fat Analysis,” Aiudyst, 
1899, 319. 

2 Mo)Mlsh. /. Chein., 8, 40 ; t'p. Lcwkowitsuli, 2n<l edition of tliis work, 1898, p. 163.' 
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The hydroxyl of the carboxyl group of the fatty acids should conse¬ 
quently not have been affected by the boiling with acetic anhydride 
during acetylation. Fatty acids containing no alcoholic hydroxyl 
group, su(;h as stearic, oleic, etc., should therefore not yield an acetyl 
value, as the (neutralisation) acid and saponification value.s in these 
cases should be identical. 

Lewkowitsch} however, has .shown that pure capric, lauric, palmitic, 
stearic, cerotic, and oleic acids exhibited very considerable acetyl values 
when treated according to Bcttedikt and Vlzer's proc^css. This result 
can only be e.xplained % the fact that part of the fatty acids had been 
converted into their auliydrides, the acetic anhydride acting in the 
manner explained by the following equation :— 


20,bH3i.COOH+ 


(UIjO- 

O2H3O, 


Palmitic aci'l. Acetic 
anliyilriile. 


C]rH3,C.'0\ 

I’.ilmitii' Acetic acid, 

niiiiydricle. 


The anhydrides were actually isolated by Lewkowilsch, and their 
great stability in presence of even boiling water was proved." 

When these anhydrides wore dissolved in cold alcohol and standard 
caustic alkali was added, hydrolysis of the anhydride.s took place at 
once to a certain extent, and as the fatty acid so formed combined witli 
a definite amount of potash, an (apparent) acid value of the substaiK-e 
was obtained. When, however, the anhydrides were shaken up witli 
water, the first drop of potash gave in the ]>resencc of phenolplithalcin 
a pink colouration, which disappeai-ed but slowly. This showed that 
in the alcoholic solution partial hydrolysis of the anhydrides took place, 
hydrolysis ceasing when an equilibrium was established in the solution. 
Under these conditions apparent acetyl value.s were obtained for capric, 
lauric, palmitic, etc., acids. Hence the acetyl numbers so found were, 
in truth, fictitious values. 

Hydroxylated fatty acids arc certainly acetylated (in their alcoholic 
OH group) when boiled with acetic anhydride, but simultaneously the 
acetylated acid.s are converted into their anhydride.s owing to the large 
excess of acetic anhydrhlc used. During the subsequent boiling with 
water, a portion of the anhydrides may, or may not, f)ecomc hydrolysed, 
and thus a mixture of free acetylated acids and acetylated anhydrides 
is obtained. 

When this mixture is dissolved in alcohol and titrated with caustic 
potash, after neutralisation of the free acids (if any), partial hydrolysis 
will set in, as explained above in the case of capric acid, etc.*, and an 
“ apid value ” will thus be obtained {Benedikt’s “ acetyl acid value ”). 
But such “ acid value ” will be lower than the neutralisation value of 
the acetylated fatty acids, as the anhydrides remain unacted upon to 
a certain extent. Consequently the saponification value of the acetyl¬ 
ated product {Benedikt's “ acetyl saponification value ”) will be found 
too high, since the non-hydrolysed anhydrides are subsequently 

' Vroc. Chevi. Sue., 1890, 72, 91 ; Jmrn. Siu'„ Chem. Ind., 1890, 660. 

^ Cp. also the action of acetic anhydride on ricinoleic acid (p. 215). 
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saponified on boiling with alcoholic potash. The difference between 
acetyl saponification ” and “ acetyl acid ” values, supposed by 
Benedikt to be the acetyl value of the acids, is tlicrefore devoid of any 
quantitative meaning. 

The same conclusion, of course, holds good in the case of a mixture 
of hydroxylated and or^nary fatty acids. 

It is therefore evident that the “ acetyl value.s ” found by various 
observers working according to Benedikt and JJlzer's method must be 
accepted with the greatest reserve. 

Bene.dikt and Ulzer's metliod had been worked out with ea.sto]' oil; 
and the satisfactory result found in this case led to a generalisation 
wliich must be considered inadmissible. Hence, most of the numbers 
contained in the older literatuii^ and staled to indicate the presence of 
hydroxylated fatty acids in natural oils and fats {with the exception 
of castor oil and, perhaps, grape seed oil ^ and (quince oil) must be 
reje<;ted as fictitious values. 

It may be repeated, the acetyl value of a natuial oil or fat will be 
a characteristic if frfglycerides only are jirescnt. Otherwise the acetyl 
value will be a variable, indicating, in addition to hydroxylated fatty 
acids, free alcohols (such as cholesterol or pliytostcrol) and also mono- 
glyeevides and diglycerides. In the latter event the acetyl value may 
be indicative of rancidity in an oil or fat. In the case of waxi^s tlic 
acetyl value indicates the presence of free alcohols. For the acetyl 
value of “ blown oils ” (oxidised oils), sec Vol. III. Cliap. XV., as also 
Chap. VITl. ‘‘ Acetyl Value of Fatty Acids.'’ 

If a free alcohol is acetylatcd, no complication through formation 
of anhydrides can arise. The saponification value of tlio acetylated 
product;—the acetate of tlie alcohol—represents also the acetyl value 
of the alcohol (the saponification value of tlic original alcohol being, 
of course, nil). (Cp. table, “ Saponification Values of Waxes,” p. 385.) 


B. VARIABLES 
1. Add Value 

The acid value indicates the number of milligrams of polassiutn 
hydrate required to saturate the free fatly acids in one gram of a fat or 
wax; or, in other words, it gives the amount of potassium hydrate, 
expressed in tenths per cent, necessary to neutralise the free fatty acids in 
a fat or wax. 

The acid value is therefore a measure of the free fatty acuds in a fat 
or wax. 

In order to determine the acid value of a fat or wax the sample is 
^ See Vol. IT. Chap. XIV. “Grape Seeil Oil.” 
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mixed with alcohol (purified methylated spirit), or with methyl alcohol 
or amyl alcohol,' or a mixture of alcohol and ether,^ and titrated with 
aqueous or alcoholic standard alkali, phenolphthalein being used as 
indicator. 

The standard alkali may be half-, or tenth-normal. If notable 
amounts of free fatty acids are present, it will be found convenient to 
titrate at first with half-normal alkali and to finish with a few drops 
of decinonnal solution. Some analysts prefer an alcoholic standard 
solution to an aqueous one, although the accuracy of the analysis is 
not increased thereby, ])rovided care be taken that the resulting soaj) 
.solution contains at least 50 ])or cent of alcohol (see p. 1.35). On the 
contrary, an alcoholic standard solution ha.s the drawback of altering 
its titer somewhat rapidly, and therefore errors are likely to occur 
unless the solution be standardised frequently. Tlui en<l-point of 
titration is distinctly recognisable; saponification of the neutral fat 
docs not take place immediately by the small excess of alkali necessary 
to produce the pink colouration. On standing, however, for som«! time, 
even if access of air (and consc(pient decolouration, due to absorption 
of cai'l)onio acid) be precluded, the i)ink colour will disa])p(sir in some 
ca.ses, owing to the neutral esters^ undergoing saponificaiion. This 
will be especially the case if tlie specimen under examination be dis¬ 
solved in ether-alcohol. It would, obviously, be erroneous to add more 
alkali from time to lime when the ])ink colouration disappears. 

Mineral acid in the sample must, of course, be first removed by 
washing with water; all solvents em}>loyed should bo fiec from sub¬ 
stances giving an acid reaction. Before using the solvent, it will be 
best to neutralise it exactly with decinonnal alkali, using ]>henol- 
phthalein as an indicator. 

Liquid fats are weighed olf or measured oil accurately in a flask, 
neutralised alcohol and a few dro]>s of a 1 per cent solution of phenol¬ 
phthalein are then added, and the li<{iiid is titrated with constant 
shaking. Convenient quantities are 10 grins, (or 10 c.c.) of oil and 
50 c.c. of alcohol. 

Solid fats must be warmed with the alcohol on the water-bath until 
the fat i.s litpn^ficd ; they are then titrated in the same manner. Should 
the fat .solidify during the operation, the llask must be warmed again 
before the titration can be brought to an end. To guard against partial 
saponification of the neutral fat, excess of alkali mast be avoided. If 
it should be deemed preferable to work with clear solutions, the fat 
may bo dissolved in a mixture consisting of two parts of ether and one 
part of alcohol, and then titrated with alcoholic standard solution. 

One or two examples will illustrate the method of calculating the 
acid value. 

1. Weighed off 3-254 grms. of tallow. Required for neutralising 
the free fatty acids 3-5 c.c. of decinormal caustic potash (or soda) or 


' H.alplien, Ann. cJiim. anal, appl., 1901 (6), 133. 

2 The HUggestioii to titrate iu alcohol-benzene .solution lias been severely criticised by 
E. Boedtker (CVtcHi. Zeit.y 1911, 54S). 

^ Lewkowiiscb, Jouiii. Soe. Chem. huL, 1890, 846. 
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3-5 X 5-61 milligrams KOH. The amount of KOH required for 1 grrii. 
of tallow, i.e. its acid mlue, is therefore 


A- 


S-f) X 5-( 
3-254 




2. Measured off 25 c.c. of olive oil, spec. grav. 0-917. Ke((uii'ed 
for neutralising the free fatty acids 9-4 c.c. of a solution of caustic 
potash, 1 c.c. of which contains 0-0257 grms., or 25-7 milligrams KOll. 
The weight of the oil is 25 x 0*917 - 22*925 grms., therefore 


The pi-opoition of free fatty acids in an oil or fat is froapieiitly 
e.xpressed in a different manner. 

Tn tliis country, especially in the case of oils, it is usual to calculate 
tlie fi’ee acid as oleic acid, molecular weight 282, and to e.xpress the 
amount of free fatty acids in i)er cent of the fat. Tlius in the first 
e.xample the percentage of free fatty acids would he returned as 


3-.5 X 0-0282 
3-254 ^ 


UX) 


3-03%, 


and in t he second example as 


9-4x0-02.57x0-282 
0-0501 X 22-925”' ^ 


100 5-28 <;;. 


Since tlie mole(-ular weight of oleic, acid, 282, is approximately 
five times 5G-i {the molecular weight of KOll), and tlie ai-id value 
expresses the amount of KOll in tenths pei‘ cent, a rapid and in most 
(-ases sul]i('i(uitly accurate method of converting the acid value into 
per cent of oleic acid is to multiply the former by 0-5. In tlie case of 
cocoa nut and palm kernel oils this factor would, however, not be 
a<lmissible; the calculation should be based on a mean molecular 
weiglit of 210 and 220 respectively. 

In other cases (lubricating oils), the free fatty ai-ids are sometimes 
expressed in terms of sulphuric anhydride, SOg, and the result is given 
in per cent of the oil employed. Thus in the first exanqile we should 
find 


3-5 X 0-004 
3-254 ^ 


100 -0-43 %, 


and in the second 


9-4 X 0-0257 X 0-04 
0-0561 X 22-925 


100 -- 0-75 %. 


KoKstoi-fer proposed to express the acidity by the number of c.c. of 
normal potash rcipiii'ed for 1(X) grms. of the fat. In this connection 
the number of c.c. is termed “ degree of acidity.” 

In the subjoined table a comparison is made of the different methods 
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of expressing the acidity; an easy calculation allows of transforming 
one term into any other. 


Ai'iil ValilP, T>er 

(.•out of KOH. 

Okie Acid. 
I’er cent. 

Siilpliurie 
Anliydridc. 
Per cent. 

Decrees Kottstorfer, 
boin;? c.c. iioriiiul KOH 
por 100 grin.H. Fat. 

1 

O-ri027 

0-0713 

1-7S2 

1-9893 

1 

0 1418 

3-546 

14-O2r>0 

7-or.oo 

1 

25-000 

0-.^610 

0-2820 

0-0400 

1 


The acid value is not a “ characteristic,” and the but too frequent 
reference.^ in tlie literature on our subject to this value as a “ con¬ 
stant ” {or “ characteristic ”) are entirely misleading. The acid value 
of natural oils and fats is a variable, entirely depending on the state 
of purity of a)i oil, its cige, the extent to which it has suffered hydrolysis, 
and the amount of oxidation it has undergone. In the i-ase of fresli 
oils and fats (as has been j)ointed out already) the <|uantity of free 
fatty acid is so small that it may be considered iiegligible. Vegetable 
oils seem to contain small (quantities of free fatty acids, whereas animal 
fats in the fresli state are practically devoid of free fatty acids (Chap. 1. 
p. 43). It has also been pointed out that if oils and fats are left in 
contact with putrcscible or fermentable matter, tlie amount of free 
fatty acids may rapidly increase, and rise to 70 and even to KX) per cent, 
as in tlie case of old palm oil (Chap. I. p. 50). The importance of the 
acid value lies, tlierefore, in the fact that it indicates the qvalihf of an 
oil or fat. It shows the extent to which an oil or fat has undergone 
liydrolysis, and if this value be considered in conjunction with the 
acetyl value, it may indicate not only the amount of lower fatty acids 
that have been formed by destruction, but also the amount of oxidised 
acids formed subsequently, in the wake of hydrolysi.s. 

In case the nature of tlie free acid, and consequently its molecular 
weight, be known, the absolute quantity of free acid may be calculated, 
as shown above for oleic acid. In such cases the table given below 
may be found useful. 

Since the acid values are variables, no useful purpose would be 
served here by giving a list of those acid values of natural oils and fats 
that have been recorded. The numbers found in practk'e for such 
specimens as were submitted to examination will be given under the 
headings of the individual oils and fats in Vol. 11. Chap. XIV. 

In the case of waxes, the acid values vary in a smaller degree than 
in the case of oils and fats; a certain proportion of free fatty acids, 
varying within narrow limits, seems to be characteristic of carnauba 
wax and beeswax (cp. Chap. I. and Vol. 11. Chap. XIV.). 

It is evident that if an oil or fat consists exclusively of neutral 
triglycerides, its acid value will be nil. In that case the saponification 
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value will indicate the amount of caustic potash required to saponify 
the neutral esters, or, in other words, the amount of potash required to 
neutralise the combined fatty acids. But if the oils and fats contain 
free fatty acids, that is, if they exhibit a definite acid value, then the 
saponification value will be the sum of the amounts of caustic potash 
requisite to neutralise both the free fatty acids and those fatty acids 
which are combined with glycerol as esters. The difference between 
these two amounts of potash has been termed by Hiihl and Benedikt 
“ ester value ” or “ ether value,” and was understood to indicate the 
number of milligiams of potassium hydrate required for the saponifica¬ 
tion of the neutral esters contained in one gram of an oil or fat. Those 
writers who termed the acid value a “ constant ” were naturally bound 
to consider the ether value also as a “constant.” As I have shown 
that the ac-id value is a varinUe, it is obvious that the “ ester value ” 
also must be a variable. This is exemplified by the following table, 
part of which has been given above 


Variations of Saponification and “ Ester ” Values 


Stfariii. 

Stearic \cid. 

S.ipo«lflcalioii 

Acid 

“ Kster ■’ 

Per cent. 

r-:r cent 

Vftluti. 

V.aluo. 

Valiip. 

iOO 

0 

189-1 

0 

189-1 

75 

25 

191-02 

49-37 

141-65 

50 

50 

198-30 

98-75 

9-1-55 

25 

75 

105-41 

148-13 

47-28 

0 

100 

197-5 

197-5 

0 


But even with these restrictions, the “ ester value ” can only have 
a jnoaning in the a])sence of mono- and di-glycerides. Since, however, 
the presence of free fatty acids points to hydrolysis of neutral tri¬ 
glycerides having taken place, and since it is this hydrolysis which is 
the cause of the presence of mono- and di-glycerides, the so-called 
“ ester value ” loses its meaning also in this case, inasmuch as that 
part of the caustic potash which is required for the saponification of 
the esters refers to a mixture of triglyeeridea, diglycerides, and 
monoglyceridcs. Hence it follows that all the references in the 
chemical literature to “ ester values ” of oils and fats are more or less 
valueless. 

In the solid waxes—carnauba wax and beeswax—the acid value 
varies, as stated above, within somewhat definite limits; hence the 
“ ester value ” likewise varies within definite limits, and therefore a 
certain amount of importance has been attached to the “ ester value ” 
in the analysis of beeswax. But since even in these instances the 
“ ester value ” is merely a figure obtained by the difference of two 
numbers (saponification value minus acid value), it is unnecessary to 
introduce a new term. Therefore, even in tlie case of waxes, reference 
to an “ ester value ” will be omitted. 
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2. Glycerol 

According to tlic fundamental equation, in which R stands for the 
radicle of any fatty acid -- 

C,,Hf,(OKL I 3KOII C'dlaO,, 1 :{KOK. 

3 molecules of caustic potash arc required for the sajjonification of 
1 molecule of neutral fat, yielding 1 molecule of glycerol. Therefore, 
for every 168*3 grms. of KOII used, 02 grrns. of glycerol will be obtained; 
consequently 1 grm. of KOK is e(pjivalent to 0*54664 grm. of glycerol. 

In the case of pure triglycerides, the proportion of glycerol is a 
“ characteristic ” (<q). following table), and the (piantity of glycerol 
yielded by an oil or fat can be calculated from the saponification value 
as shown, fn the case of natural oils and fats, a calculation of this 
kind will lead to erroneous results, not only on account of the small 
quantities of iinsaponifiable matter ” that are always p]*esent, but 
chiefly on account of the free fattv acids and mono- and di-glvcerides, 
which occur in natural oils and fats in variable quantities. Therefore 
the percentage number of glycerol must be looked upon as a “ rariaUe ’’ 
in the case of natural oils and fats. 

This “ variable ” stands to the acid value in tlie relation that tin; 
higher the acid value, tlie smaller is the yield of glycerol, whereas the 
larger the proportion of mono- and di-glycerides the larger is the pro¬ 
portion of glycerol. 

It may further bo pointed out that the higlicr the saponification 
value of an oil or fat the larger is the amount of glycerol it yields. 
Hence the fats belonging to the cocoa nut oil group yield mon* glycerol 
than those having a saponilication value in the neighhourlKiod of 195, 
such as tallow and lard. 

In the following table the proportion of glycerol yielded by mono- 
and di-glycerides is placed side by side with that yielded by 
triglycerides:— 


[Table 
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Percentages of Ghjcergl ohtained on saponifying Tri-, Pi-, and 
Mono-glycerides 


Glyceride ol Acid. 

TriKlyceriilfl. 

Diglycerido. 

MenOKlj-peridf'. 

Acetic . , , . 

42-20 

rt2-27 

08-0.5 

Butyric .... 

30-40 

39-00 

.50 -80 

Valeric .... 

20'74 

3:'.-38 

52-27 

Caproic . 

23-Oil 

31-94 

48-12 

Cajirylic .... 

ly-D.s 

•JO-74 

42-JO 

Capric .... 

le-fi? 

23-00 

37-40 

Lanric .... 

14-42 

20-18 

33-58 

Myrislic .... 

12-74 

17-97 

30-40 

Palmitic .... 

11 -12 

10-20 

27-88 

Stearic . , . . 

10-31 

14-74 

25-70 

Oleic. 

10-41 

14-84 

25-85 

Liiiolic .... 

10-48 

14-93 

2.'.-99 

Linolenic 

10-.'5 

l'.-03 

-JO-M 

Clujianoiloiiic . 

10 02 

1;V13 

•JO -28 

Kiciiiole.c 

D-S7 

14-11 

24-74 

Arachidie 

0-4.-i 

13-;.2 

25-83 

Erucic .... 

8-74 

12-'.7 

22-33 

Cerolic .... 

7 '^'O 

10-85 

19-58 

Meliiisio .... 

O'OO 

9-79 

17-49 

Hydroxystearic 

!f8l 

It -03 

21 -00 

Dihydro.xystraric . 

0-33 

13-;,;7 

23-59 

Triliydro.xy.stearic . 

s-oo 

12-78 

22-00 

Sativic .... 

8-:.i 

12-21 

21-80 

Limisic .... 

7-81 

11-28 

‘JO-20 

Tnyhjccridcs — 




AcutodifVirmiii 

48-4 



Acetodilmtyriii 

33-0 



Myrisl.ojialniitodlcin 

11-1 



Oleo'lipalmitin 

11-00 



(Dipalmitoolcin) 




Stearodipalmitin 

11-03 



(Dipalmitostearin) 




Oleopalmito.ste.uiii . 

10-0!) 



(Sicaropalmitouleiii) 




I'almit.odihteariii 

10-07 



(I)isloaropalmiti u) 




Olcodi.steariii . 

10-4 



I'Haulodisteariii 

iO-4 



lliolcosteaiiii . 

10-38 




B'or the determination of tlie proportion of glycerol which a fat 
yields on saponification a considerable number of methods have been 
proposed. (It would be incorrect to speak of the proportion of glycerol 
in a fat, .since glycerol is only formed on saponification by assimilation 
of water.) 

The older processes, which aimed at the isolation of glycerol, so 
as to weigh it in substance (as was done in CliewreuVs original method), 
are not accurate enough for cpiantitative purposes. On the one hand 
they yield results below the truth, owing to volatilisation of small 
amounts of glycerol at 100° C. (p. 244). (This source of error is avoided 
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in David^s process,^ in which the concentration of the glycerol solution 
is not carried so far that loss is incurred, but it introduces another error 
through the necessity of saponifying with barium hydrate ; cp. p. 103.) 
On the other hand the product so obtained is always contaminated with 
foreign substances, and therefore too high results are obtained. 

A direct method for determining glycerol in oils and fats (as also 
in comn»ercial glycerins), by isolating it in substance, has been worked 
out by Shukoff and Schestakoff} It is necessary to operate with a 
solution containing at least 40 per cent of glycerol. If the solution be 
more dilute, a quantity corresponding to about one gram of glycerol 
is carefully evaporated on the water-bath, avoiding of course loss by 
volatilisation, i.e. a concentration of about 50 per cent must not be 
exceeded. Before evaporating, the solution is rendcrc<l slightly alkaline 
with potassium carbonate. The concentrated solution is then mixed 
w'ith 20 grams of ignited and powdered anhydrous sodium sulphate 
and extracted in a So.thIel. extractor with anhydrous acetone (previously 
well dried over ignited potassium carbonate). As acetone attacks 
both cork and india-nihbcr, all connections mn.st be made with ground- 
glass fittings. The extraction requires a .somewhat lengtJiy time. 
t^hukoffaml Sche!itakoff directed to extract four hours, but later observ(5rs 
maintain that this is not sufficient for the complete extraction. Thus 
Landsberjer^ demands no less tlian nine hours, whilst the chemists of 
the Schlelmsch Factory ^ consider that only five to six hours arc required. 
Should some oil float on the top of the acetone solution, it must be 
removed by washing with low boiling petroleum ether. The glycerol 
solution is then carefully dried in an air-bath, at a temperature not 
exceeding 75*^ to 80® C. until the weight is nearly constant. The 
clicrnists of the Schlebmch Factory, however, maintain that the tem¬ 
perature of the drying oven should be 90® to 95® V. (for two hours). 
The analyses publi.shcd by Shukoff and Fchestakoff exhibit very good 
agreement with the results obtained by the methods described below, 
whereas the above-named observers found somewhat high results. 
This may be due to the acetone having extracted some foreign sub¬ 
stances. Whilst the time required for a determination may prove 
somewhat long for practical purposes, the method will be found useful 
in all those cases where it i? desirable to isolate the glycerol. 

Before Shukoff and Schestakoff’s method can find general acceptance, 
further examination seems to be desirable.^ Meanwhile, most com¬ 
mercial determinations of glycerol in oils and fats are carried out by 
indirect methods. 

(1) Determination of Glycerol by Oxidation Processes 

By oxidation with potassium permanganate in a strongly alkaline 
solution at the ordinary temperature, glycerol is converted quantita- 

‘ ('imp/, rend., 1882, 94, 1477. ■ Zeits.f. angno. (jkem., 190.'>, 294. 

'* Chen, ttevue, 1905, 150. ■* Zeds. f. tirnjein. C/ieiii.., 1905, 1056. 

" Cp. S. Fachiiii and G. Dorta, Bolt. Chin. Farm., 1910 (49), 237. G. Bei«, Bull, 
Soc. Chim. de France, 1912 (11), 618. 
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tively into oxalic acid, carbon dioxide, and water, according to the 
following equation 

-h 3 O 3 - CjH jO,+CO^+3H jO. 

This reaction, originally suggested by Wanhlyn and Fox} has been 
worked out as a basis for a quantitative method by Benedikt and 
Zsigmondy ^ in the following manner :—Saponify 2 to 3 grins, of the 
sample of fat with caustic potash and pure methyl alcoliol, evaporate 
off tlie alcohol, dissolve the soap in hot water, and decompose with 
dilute hydrochloric acid. Then warm until the liberated fatty acids 
have separated out as a clear oily layer. In the case of a li(iuid fat 
some parairin wax is best added so as to obtain a solid cake after cooling. 
Next filter into a spacious flask, wash well, and neutralise with caustic 
potash, using metliylorange as an indii.-ator. Then add 10 grms. of 
caustic potash in sticks, and run in a 5 per cent solution of potassium 
permanganate, until the liquid no longer appears green, but strongly 
pink or blackish. In.stead of a solution, finely powdered potassium 
permanganate crystals may be used. Next In^at tlie liciuid to the 
boiling point,when hydrated manganese dioxide .separates, and the 
solution become.s red ; discharge the colour by adding carefully sulphur¬ 
ous a(ad solution recjuired (but not more) for the reduction of the 
excess of the permanganate, taking care that the solution still remains 
strongly alkaline. Filter through a ])lain filter of suliiciently largo 
size to hold at least one-lialf of the liquid, and wash the precipitate well 
with boiling water. It may happen that small quantities of hydrated 
manganese dioxide pass through the filter with the last wash-waters, 
but this does not at all interfere with the accuracy of the process. 

Acidify the filtrate with acetic acid, whereby sufficient sulphurous 
acid is set free to reduce the manganese dioxide, heat the solution, 
which should hav(! a volume of about GOO to KX.IO c.c., almost to the 
boiling p()int, and precipitate with 10 c.c. of a 10 to 12 per cent solution 
of calcium chloride or calcium acetate. (If more of the precipitant 
be used, considerable quantities of calcium sulphate are thrown down, 
wliich are apt to vitiate the qiianlitative determination.) The ])re- 
cipitate contains silicic acid in addition to calcium oxalate ; hence the 
amount of oxalic acid cannot be calculated from the weight of the 
calcium carbonate (or calcium oxide) obtained on ignition. The 
amount of oxalic acid must therefore he either deterniined volumetric- 
ally, or inferred by titrating the ignited residue. In the latter case 
dissolve the ignited precipitate in an accurately measured excess of 
half-normal hydrochloric acid, and titrate with half-normal caustic 
soda, using methylorange as an indicator. Eighty parts of sodium 
hydrate are equivalent to 92 parts of glycerol.^ 

Allen ^ somewhat modified this process by suggesting the following 

• Chnit. Aewa, 63, 16. 

Jourit. Soc. Chou. Ind.y 1885, 610, 

It i.s not advisaMe to keep the solution at the boiling point lor any length of time. 

Cp. also A. Beythien, Zcits.f. Unters. d. Nahrgs- n. O'emmm., lyil (xxi.), 673. 

® Cvni'Uiercial Organic Aitolysis, ii. 290. 
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modus operatidi :—The fat is saponified with aqueous caustic potash 
in a dosed flask. The oxidation is effected as described above, except 
tliat sodium sulphite is used for reducing the excess of jiernianganate. 
Tbe liquid containing the precipitated hydrated peroxide of manganese 
is then poured into a 500 c.c. flask, made up to 500 c.c. ; 15 c.c. of hot 
water are added above the mark, as an allowame for the volume of 
the precipitate ami for the expansion of the hot liquid. The solution 
is next poured through a dry filter, and 400 c.c. of the filtrate, when 
cold, are measured off accurately, acidulated with acetic acid, and 
precipitated with calcium (ddoride. The precipitate is filtered off, 
washed well, and rinsed into a porcelain dish after piercing the. filter. 
The neck of the funnel is then plugged, and the filter tilled with dilute 
sulphuric acid, which, after standing for a few minutes, is allowed to 
run into the dish, yufficient sulphuric acid is next added to bring up 
the total arTiouiit of acid to a quantity equal to 10 c.c. of concentrated 
sulphuric acid, when the solution is warmed to 00° C. and titrated with 
l)otas.sium permanganate. If decinormal permanganate be used, each 
c.c. corresponds to 0 (X)45 grm. of oxalic acid (C 2 H 2 O 4 ), or to O-OOIC 
grrn. of glycerol. 

With regard to this process the following notes will be found use¬ 
ful :—Methyl alcohol is used in the sajionification of the fat instead 
of ethyl alcohol, as the latter may, under certain (u.mditions of con¬ 
centration, give rise to the formation of oxalic acid. The errors re,suiting 
from this cau.se increase with the amount of alcolujl retained by the 
soap on evaporation. On the other hand, if com|)lete eliiuination of 
the alcoliol he attempted by repeated boiling down of the dissolved 
.soap, loss of glycerol may result. 

The liejuid treated with permanganate contains besides glycerol, 
the soluble fatty acids originally combined with it in the fat. By 
working strictly according to the directions given above, neither oxalic 
acid nor any other organic acid, yielding a calcium salt insoluble in 
acetic acid, will be formed. Therefore, it may be safely inferi-ed that 
the presence of soluble fatty acids does not interfere with the coiTCc.tne.ss 
of the determination. Jolmsloiie,^ it is true, maintained that the 
process is useless in (U’csence of butyric acid, as this acid is nearly all 
converted into oxalic acid, but both Hehner‘‘ and MaugoU^ have 
shown that in the process as carried out according to the directions of 
Bcneilikl a>ui Zsigmondy no oxalic acid is formed. An explanation 
of Johnstone's error may be found in BerlkeloCs observation (re-stated 
by Mangold), that butyric acid yields oxalic acid when boiled for a 
considerable time with an excess of potassium permanganate. 

An exce.ss of sulphurous acid must be carefully avoided, since in 
presence of hydrated peroxide of manganese, sulphurous acid oxidases 
the oxalic acid formed. This error is obviated by Allen's proposal to 
use sodium sulphite instead of sulphurous acid. If the hydrated 
peroxide be removed by filtration, and the solution be acidified with 
acetic acid, no further action on the once-formed oxalic acid takes 

* Jmrii. tSuc, diem. ituL, 1891, g04. '■* Ih'id., 1891, 201. 

» Ibid., 1891, 803. 
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plaoe. But since towards the end of the washing operations small 
quantities of the peroxide pass througli tJie filter, and are reduced hy 
the sulphurous acid set free by the acetic acid, and, moreover, since 
small quantities of calcium sulphite may be admixed with the ))re- 
cipitated calcium oxalate, it would be best to avoid altogether the 
use of sulphurous acid or of a sulphite. 

llejhk)} therefore, substitutes hydrogen peroxide for the suljihitc; 
he furtlier recommends the use of a smaller quantity of potassium 
permanganate. Hc.rhig's method lias been examined by Mangold!^ 
and the following modification of the Bencdikl-Zsigmondif pj’occss has 
been recommended by him as yielding reliable results : —2 to 4 grms. of 
fat arc saponified; the filtiate from the liberated fatty acids is jitaced 
in a litre flask, diluted to 300 c.c., and 10 grms. of potassium hydrate 
are atldcd, and as much of a 5 ]>er cent permanganate solution as will 
coi-respond to one and a half times the tluioreticai quantity required 
for the oxidation of tlie glycerol ((i-87 parts of llnO^K being the amount 
required by theory for one part of This operation is conducti'd 

ill the cold and with constant shaking. Allow to stand for half an hour 
at the ordinary teinjieratiuc, and add sufficient hydrogen i)croxidc 
(avoiding, however, a large excess) to decolourise the licpiid comj)Ietely. 
Then make up to 1000 c.c., shake well, and filtiu- 5w0 c.c. through a dry 
filter. Boil the filtrate for half nn hour to deeomjiose ail hydrogen 
peroxide, allow to cool to fitf C., acidify with sulphuric acid, and titrate 
with standard [lermang.inatii solution. In a later publication Ilerbig ^ 
points out that cork and india-rubber connections should be avoided, 
as they give rise to the formation of oxalic acid. 

If the glycerol solution contain any other substance yielding oxalic 
aciil on oxidation, as is notably the ease with oxidised linseed oil and 
oxidised oils in general, the Benedikt-Zsigmondg ])rocess is, of course, 
useless. In the preparation of glycerol from commercial oils and fats, 
the glycerol solution is always more or less contaminated with impni ities 
which may, or may not, lead to the formation of oxalic acid. I’his 
uncertainty robs the permanganate method of its usefulness to a great 
extent. 

Still more uncertain are the methods based on the oxidation of 
glycerol with ]jotassium permanganate in acid solution whereby glycerol 
is oxidised to carbon dioxide and water, according to the following 
equation:— 

(3H8O3f70-3C()2 I 4lf2(). 


If chemically pure glycerol be oxidised, the method will, of course, 
lead to corrci t results; but in all other cases the results are so mis¬ 
leading that I consider it unnecessary to dcscribi; the methods proposed 
under this head.^ 

For, whereas in the Benedikt-Zsigmondg method erroneous results 

' Itumij. biHsert., Lcijizi-f, 1890. Zeits.f. angew. t'heni., 1891, 400. 

'■* Chem. J{ei\, 1908, 9. 

■* See secoiul edition of this work, p. 211. 
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are only obtained in tlie presence of organic substances which yield 
oxalic acid, oxidation in acid solution leads to far greater errors, since 
any other organic substances present also yields carbonic acid, and 
therefore renders the determination practically useless. 

Identical in principle with the last-named methods are the processes 
based on the oxidation of glycerol by means of potassium bichromate. 
Since the employment of potassium bichromate readily admits of the 
application of volumetric methods, oxidation by means of potassium 
bichromate has been recommended by several chemists.^ Other' 
oxidising agents were proposed by Ckaumeil {iodic acid), by Gailhnt 
(permanganate in presence of manganese sulphate), and by Henkel 
and Roth ^ (chromic acid). The .strictures pointed out above would 
apply to all these proposals [Lewkowilsck ^). 

(2) Determination of Glycerol by the Acetin Process 

The glycerol obtained in the saponification of a fat is necessarily 
more or less impure ; hence Lewkoivitsch recommends to prepare 
crude glycerin in a manner similar to that employed on a large scale, 
and to determine accurately the proportion of glycerol by the Benedikt- 
Cantor ^ acetin process. 

Twenty grams of an oil or fat are saponified in the usual manner, 
with alcoholic potash, and the alcohol is driven off on a water-bath. 
The resulting soap is decomposed with sulphuric acid and the liberated 
fatty acids arc filtered off. The filtrate is neutralised with an excess 
of barium carbonate and boiled down on the water-bath until most 
of the water is driven off. The residue is exhausted with a mixture of 
ether and alcohol, the ether-alcohol driven off for the most part by 
gently heating on the water-bath, and the residue left is dried in a 
desiccator and weighed. It is not necessary to dry until constant 
weight is obtained, as the actual glycerol present is determined in the 
crude product by the acetin method. 

This process is based on the quantitative conversion of glycerol 
into triacetin (p. 431), by heating concentrated glycerol with acetic 
anhydride. If the product of this reaction is then di.ssolved in water, 
and the free acetic acid has been carefully neutralised with alkali, 
the dissolved triacetin can be easily estimated by saponifying with a 
known volume of standard alkali and titrating back the excess. The 
solutions required are— 

1. Half-normal or normal hydrochloric acid {accurately standardised). 

2. Dilute caustic soda, containing about 20 grms. of NaOH in 
1000 c.c. Its exact strength need not be known, but care should be 
taken that it be practically free from carbonate. 

3. A 10 per cent solution of caustic soda. 

^ Richardson an<l Jallc, Juurn. .'SiX. Chem. hid., 1910, 198. 

^ Zeila.f. awjtw. 1905. 1936. 

3 Amli/al, 1903. 107. ■* Chr.m. Zeit., 1889, 6.59. 

® JoKni. &)C. ('hein. hid., 1888, 696 ; cp. Lewkowitsch, ibid., 1889, 674 ; Chem, 
Zeit,, 1889, 13 ; 93 ; 191; 669 ; Hehner, Journ. iSoc. Chem. Ind., 1889, 6. 
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Solutions 2 and 3 are best kept in largo bottles connected by means 
of syphon tubes with burettes, so that the latter may be filled aiito- 
inatically. To prevent absorption of carbon dioxide from the air, 
the bottles arc provided with soda-lime tubes through which the air 
enters. 

The estimation is carried out as follows :— 

About 1*5 grms. of crude glycerin, weighed off accurately, are 
heated with 7-8 c.c. of acetic anhydride and 3 grms. of anhydrous 
sodium acetate (carefully dried in an oven) for 1-j hours in a round- 
bottomed flask, of about 1(X) c.c. capacity, connected with an inverted 
condenser. The mixture is then allowed to cool a little, 50 c.c. of 
recently boiled warm water arc poured down through the tube of the 
condenser, and the acetin is made to dissolve by shaking the flask ; 
if necessary, the contC!its of the flask may be slightly warmed, but 
must not be boiled. As triacetiii is volatile with water vapours, these 
operations should be carried out whilst the flask is still connected with 
the condenser. The solution is next filtered from a flocculent pre¬ 
cipitate containing most of the impurities of the crude glycerin, into 
a wide-mouthed flask of about 500-000 c.c. capacity, and wuslied with 
recently boiled water ; the filtrate is allowed to cool down to the ordinary 
temperature. Plienolphthalein is then added, and the free acetic acid 
neutralised with the dilute caustic soda solution. Wliilst running this 
in, the solution must be agitated continually, so that tlie alkali may not 
be in excess locally longer than is unavoidable. The point of neufrality 
is rcai^hed when the slightly yellowish colour of the solution just changes 
into reddish-yellow. If the solution is allowed to bc^comc pink, the 
point of neutrality has been exceeded, and a fresh test must be made ; 
the excess of soda cannot be titrated back, as partial saponification 
of tlie acetin takes ])lace in presence of the slightest excess of alkali. 
The change of colour is very characteristic, and is easily recognised 
after some little practice. 

25 c.c. of the strong soda solution are now run in and the solution 
is l)oilcd for a quarter of an hour; tlie excess of soda is then titrated 
back with the standard acid. Side by side, operating in the same 
maimer, 25 c.c. of the strong caustic soda solution are boiled and 
titrated with acid, d'he diffiu-cui. c ])etwecn the two titi’ations corre¬ 
sponds to the amount of alkali required for the saponification of the 
triacetin formed. From this the quantity of glycerol in the sample 
can be calculated, as shown by the following example :—Suppose 1*324 
grms. of the sample have been treated as described above. Let 25 c.c. 
of the strong soda solution re(iuire 60*5 c.c. of normal hydrochloric 
acid, and let the number of c.c. required for titrating back the excess 
of soda be 21*5; then 60*5 - 21*5-39*0 c.c. have been used. 1 c.c. 
of normal acid corresponds to = 0*03067 grm. of glycerol. Hence 
the sample contained 0*03067 x 39 = 1*1960 grms. or 90*3 per cent of 
glycerol. This is then referred and calculated to the amount of crude 
glycerin obtained on saponifying the original quantity of 20 grms. of 
oil or fat. 
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(3) Determination of Glycerol as Isopropyliodule 

Zeisel and Fanto ^ proposed to determine glycerol by converting it 
into isopropyliodide. The method is based on the reaction expressed 
by the following equation :— 

C3H6{0H )3 f SHI - C 3 H 7 ISHjO-I-2Ij. 

The glycerol is converted (cp. Chap. III.), by means of hydriodic 
acid of specific gravity 1*7 (or even 1*9), in the presence of red phos¬ 
phorus, into isopropyliodide, which is distilled over and received in an 
alcoholic solution of silver nitrate. The free iodine is retained by the 
red phosphorus. The iodine, distilled over in the form of isopropyl- 
iodide, i.s precipitated as silver iodide. Each molecule of silver iodide 
(Agl) is calculated to one molecule of glycerol (cp. Chap. III. p. 263). 

The test is cariied out in a special apparatus. The author ^ made 
two series of experiments on crude 80 per cent glycerin, but the results 
were found so much below the truth that he felt unable to recommend 
this method. 

Later observers state that, provided the dilution of the glycerol 
solution is very high, satisfactory results are obtained. This is especi¬ 
ally holding good of the determination of glycerol in fermented liquors, 
and the published results furnishing duplicate analyses are apparently 
very satisfactory. Yet it must be maintained that in these ca.ses there 
is no proper and satisfactory chock on the results obtained, as, obviously 
duplicate analyses, however well agreeing amongst themselves, do not 
prove the correctness of the result itself. Fanto^ endeavoured to 
vindicate the Zeisel and Fanto method by giving a number of glycerol 
determinations in fats by a somewhat modified process. He saponifie.s 
10 grins, of fat and then dilutes the glycerol solution down to 100 c.c., of 
which 5 c.c. are taken for the determination. Thus only about 0-05 
grms. of glycerol are subjected to the process, and any error is multiplied 
by 20. Hence it would not be correct to accord excessive importance 
to the apparently correct percentage of glycerin obtained by this 
method. More recently R. Wilstdtter and A. Madinaveitia^ experi¬ 
mented with Zeisel and Fanto's method, working with 20 grms. of fat 
and hydriodic acid of 1*9 specific gravity. In their opinion it is not 
permissible to use a hydriodic acid of specific gravity L7, inasmuch as 
the fats are in that case incompletely hydrolysed and the proportion of 
glycerol therefore found too low. Wilstdtter and Madinaveitia maintain 
that the method gives reliable results when a hydriodic acid of 1*8 specific 
gravity and no more than O-lfi to 0*35 grm. of fat are used. In support 
of this, analyses are given for “ tristearin ” and “ triolein ” (as to the 
purity of which no statement is made). The results as calculated by 
the present writer fluctuate between 95’6 to 98’7 per cent of the theoreti- 

’ /ielis.f. d. landivirL Ver.mchsioesen in Qest., 1902. 

^ Lewlcowitsch, Arudyst, 1903, 108 ; cp. Buchner ami Meisenheimer, BerickiCf 
1906, 3211. Jieihe/te zii Veroffenil. des Kais. (demndhdlmintes, Berlin, 1911, p. 19. 

* Xdls. f, angew. Chem.y 1904, 420. ^ BeridUe, 1912, 2825. 
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cal amount. It is obvious that by multiplying the analytical data by 
such enormous factors as 300 to 600, small unavoidable errors of the 
method become very considerably enhanced. The same authors give 
as further confirmation two analyses of glycerin from sesame oil and 
“ margarine.” These, however, prove nothing, as the composition 
of different specimens of sesame oil varies; moreover, the amount of 
glycerin found is decidedly too low. Since “ margarine ” fluctuates 
in its composition very widely, tliis analysis must bo ruled out 
altogether, even if the difference between the duplicate analyses did 
not amount in per cent to 6-4. 

The tediousness of the Zeisel-Fanto method and the danger of 
multiplying small errors by large factors must naturally militate 
against its general applicability. Possibly the method may give good 
results in the case of chemically pure glycerin, but for that purpose 
more expeditious methods are available {see Vol. III. Chap. XV.). 

Buisine ^ recommends the estimation of glycerol by the method 
which lie worked out for the determination of the higher alcohols in 
beeswax (sec Chap. IX. p. 605). It is obvious that this method is 
too cumbersome when compared with those that have stood the test 
of practical experience. 


3. Diglycerides and Monoglycerides 

The occurrence of lower glyt^crides in a fat has hitherto been proved 
in a direct manner in the solitary ca.se of rape oil by the isolation of 
dierucin (cp. Chap. 1. p. 43; Chap. II. p. 77). 

It has been .shown (cp. Chap, i.) that wo may expect the presem-e 
of di- and mono-glycerides in oils and fats containing small quantities 
of free fatty acids. The author demonstrated this to be actually the 
case by proving, in an indirect manner, the occurrence of di- and mono- 
glycerides in partially saponified oils and fats (Chap. 11. p. 72). 

To detect di- and mono-glycerides in an oil or fat, the author boils 
an accurately weighed quantity of the sample with acetic anhydride, 
and washes the resulting product with boiling water until it is freed 
from acid. In the presence of notable quantities of di- and mono- 
glycerides an increase of weiglit will be found. This is due to one or 
two acetyl groups, respectively, having been assimilated by one molecule 
of diglyceride or monoglyceride, as is shown by the following 
equations :— 

1- C3H.(ou,,+ (C.H30),0-C3H.(0K^;“’“+C;2H.0,. 

2. C3H.<™)*+2(03H30).0..-C3H3<Ojy““»°>“+203H.(),, 

If the quantitative estimation bo carried out with due care, the 
molecular weight of a pure diglyceride or monoglyceride may be cal¬ 
culated from the increase in weight. Thus, to take an example, if a 
1 Cmpt. rend., 1903 (136), 1082. 
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grms. of a pure diglyceride have been weighed off, and an increase of 
weight, i, has been found, we have the proportion 
a : a-f-t—M : M+42, 

where M is the molecular weight of the diglyceride, and consequently 
M+12 tlie molecular weight of the triglyceride obtained on assimilating 
the group C.>fl20( = 42). The above proportion is expressed by the 
e(iuation n{M + 42) = M(a + i ); hence 

As a rule, however, the diglyceride will only form a small proportion 
of the fat under examination. If the chemical composition of the 
diglyceride be known, the a}>solute (jiiantity of the diglyceride in tlie 
sample may be calculated with the help of the equation 
Mi 

Thus, if 5 grm.s. of a fat, containing a diglyceride of the known molecular 
weight M, hav(! been weighed off, and the iiicreasc ^ was obtained on 
acctylating, the percentage j: of the diglyceride in the sample will be 
found fj'oin tlie proportion 

M? 

/K^V-^lOOra:; 

42 

hence 

^ m ' 

The proportion of diglyceride can also be found volumotrically, 
if the molecular weight of the diglyceride be known. If M be the 
nuihicular weight of the diglyceride, K the saponification value of the 
sam[)le under examination, and C the .saponification valm^ of the 
acetylated product, tlien the porcentago D of the diglyceride may be 
calculated from the following formula (5C-1 being the molecular weight 
of KOH and 42 that of C2TI2O) ; 

I00({.'~K)M.(M-| 42) 

.W-i'iM-84) '■ ’ 

at which 1 arrive as follows : M grm.s. of a diglyceride rc(|uiie 2 x 56-1 
grms. of KOH btr saponification; M + 42 grms. of the ti-iglyceride, 
obtained from it on digestion witli acetic anhydride, require 3 x 50-1 
grms. KOH. Therefore 1 grm. of the diglyceride requires ^ \ and 

1 grm. of tfic triglyceride 
The difference 

3x56-1 2_x 56-1 5U-I(M-84) 

M+42 “ M ’ ' M'(M+42) 

will, in the case of a pure diglyceride, be practically equal to C-K, 
hence 

, 100(C-K)M.{M+42) 

66-l(M-84) 

Thus if the proportion of dierucin, (M=732) 
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in “rape oil stearine “ is required, and K be found = 158-1 for this 
rape oil stearine, and 0 = 180-2 for tlie acetylated rape oil stearine, 
we have, since C-K = 21-8, 

UH)x 218x 732x 774 
rxMx {732-84) ^ 

The (“orrecincss of this (calculation may be proved as follows :— 
The saponification value of pure dierucin C3H5{()C22ll4i0)2(011) 
is 153-3, that of acetylated dierucin 03ll5(0U,Il30)(Ob22H4,0)o is 
217-1. The difference 217-1 -153-3 = 01-1; found C-K = 2i-8; 
therefore 


In ca.se the amount of free fatty acids in an oil oi’ fat is considerable, 
anliydrides of tlie fatty acids may be formed on boilinj; with acetic 
aiiliydride, whereby a deccrease in weight is incurred; this decrease 
may, howeveer, be obliterated by a siimiltanoous increase due to tlie 
presence of small (juantities of mono- and di-glycerid(!.s. 

Since complete hydrolysis of the anhydrides formed in the acctylat- 
ing process is not obtained readily, it is necessary to remove first the 
free fatty acids, if their amount be considerable, l>y converting them 
into their pota.ssium salts by titration with standard potas.sium liydrato, 
using phenolplithalein a.s an indicator, and extracting tlie glycerides 
with ether. 

If the free fatty acids contain soluble fatty acids, whilst at the same 
time the amount of total free fatty acids is inconsiderable, then it is 
necessary to wasli the sample with hot water until the soluble fatty 
acids have been removed. 

It should he distinctly understood tliat the above-given calculations 
hold good only in tiie absem-o of free fatty acids and monoglyeerides. 

Since glycerides of liydroxylated fatty acids assimilate an a(-(T,yl 
group {or acetyl groups) on being dig(i.«tcd with acetic anhydride, it 
is neccs.sary, in tin* presence of such glycmudes, t.i prejiare the insoluble 
fatty acids atid det(!rmine tluu’r acetyl value (see Chap. VlII.). TJius 
the diiriculty caused by the ])resonce of lower glycerides is removed. 

From the acetyl value of the fatty acids a measure of the hydrox- 
ylatcd acids is obtained (Cliap. VII.), and by introducing the most 
likely molecular weight, their absolute weight can be obtained and 
calculated to glycerides. 

Oils and fats containing notable quantities of mono- and di¬ 
glycerides furnish higher saponifi(;ation values than their corre.sponding 
triglycerides, and consequently yield lower proportions of insoluble 
fatty acids (sec Chap. Vlll.). This will be seen by reference to the 
tables giving the respective values for monoglycerides and diglycerides. 

When oils and fats arc acetylated, the decrease in the proportion 
of insoluble fatty acids becomes still more pronounced, whilst the 
saponification values rise, as will be seen from the following table, in 
which 1 collate the corresponding values for the three most important 
mono- and di-glycerides 
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As a rule, however, we cannot derive (for practical purposes) distinct 
indications from the saponification values and the proportions of 
insoluble fatty acids, since in the presence of small quantities of mono- 
and di-glycerides the differences may fall within the en'ors of the method. 

The same strictures would apply in a more forcible manner to the 
fotmula given by Freundlich ' for the calculation of the proportion of 
diglycerides in oils and fats containing hydroxylated acids or their 
glycerides, without having recourse to the acetylating process. The 
use of this formula would lead to unjustified assumptions an<l con¬ 
jectures, if, in consequence of unavoidable errors, somewhat low values 
were found; errors would notably occur in the proportion of insoluble 
fatty acids, owing to the experimental errors attaching to their method 
of determination. Hence 1 omit here Frewidlieh’s formula.'^ 


4. Unsaponlflable Matter 

The term “ unsaponifiable matter,” like many terms borrowed 
from practice, is somewhat ambiguous. 

I comprise here in the term “ unsaponifiaMe matter ” all those 
substances that are insoluble in water, or do not combine with caustic 
alkalis to form soluble soaps. Strictly speaking, glyi«rol itself, not 
► being saponifiable by alkalis—just like the wax alcohols -is ” un¬ 
saponifiable,” and in this strict sense only the fatty acids are completely 
saponifiable, but not so the neutral glycerides, containing, as they do, 
about 5 ])or cent of the glycerol-yielding radicle C3TT2. However, as 
glycerol is soluble in water it doe.s not fall under our definition of 
” unsaponifiable matter ” ; therefore, in a wider sense, the neutral 
fats are considered as completely saponifiable. 

Most oils and fats contain in their natural state small quantities of 
unsaponifiable matter which consist to a great extent, in addition to 
other alcohols (and also to hydrocarbons), of sitosterol in the case of 
vegetable oils and fats, and of cholesterol in the case of animal oils 
and fats. Besides these two characteristic bodies some other sub¬ 
stances occur, the nature of which has not yet been fully ascertained, 
such as small amounts of resinous and colouring matters. Hydrocarbons 
in the unsaponifiable matter of natural oils and fats have been identified 
in the case of chrysalis oil, cacao butter, laurel oil, and kCsam seed fat 
(see Vol. II. Chap. XIV.). 

Waxes, notwithstanding the fact that they are hydrolysed com¬ 
pletely on boiling with alcoholic potash, are in practice sometimes 
termed unsaponifiable, on account of then- naturally yielding con¬ 
siderable quantities of “ unsaponifiable ” alcohols which are insoluble 
in water. The commercial waxes may also contain considerable pro¬ 
portions of free alcohols, as also hydrocarbons (see Vol. II. Chap. 

' fflm. Zi'tf., 1901, 1129. .„ ' 

a Cp. Jahrhtck tier Clumiii, 1900, x. 361 ; cp. also Table No. 13, Laboratory 
Companitin to Fats and Oils Industries. Macmillan aiiJ Oo. 
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XIV.), which constitute “ unsaponifiable matter ” in the true sense of 
our definition. 

Here we are only concerned with the isolation and quantitative 
determination of the unsaponifiable matter contained in, or yielded by, 
the natural ^ products. TJie furtiier examination of the isolated un¬ 
saponifiable matter will be considered at length in Chapter IX. 

Preparatory to the determination of the unsaponifiable matter, 
the oil or fat must be saponified as described under the heading 
“ Saponification Value.” In many casc.s it will therefore be found 
convenient to combine the determination of the saponification value 
with that of the unsaponifiable matter. Hut as the amount required 
for the correct determination of the unsaponifiable matter is mucli 
greater tlian that usually taken for tlic deternunation of tlie sa 2 >oni- 
fication value, it will depend on tlie ((uantity of material used in tiie 
saj)onification test, wliether it is feasible to combine the two determina¬ 
tions. If two or three separate determinations of the sa 2 )onific‘ation 
value have been made, then the total material will suffice for the correct 
determination of the unsaponiliable matter. It is not safe to cm])loy 
less than 5 grms. of a substance for this test. 

The uiisaponifialde matter is mostly dis.soIved in the soap solution 
obtained after saponification ; if somewhat larger quantities than 
usual arc present, the unsaponifiable matter will cause; turbidity of 
tlie soap .solution (emulsion), or will even float on tlie top of it. 

The separation of the uusajionifiable matter from the saponified • 
mass is based ou the ready solubility of the unsaponilialile matLci- in 
ether, petroleum ether, and other solvents, in contradi.stinction to the 
practical insolubility of the soap in these solvents, whetluir the soap 
be dis.soIved in water or dilute alcohol, or jireviously brought to the 
dry .state. Thus, two kinds of processes suggest themselves, namely, 
either (1) to extract the aqueous soap solution with ether or other 
solvents, or (2) to treat the dried soap mass with solvents. 


(1) Extraction of the Soap Solutioii with Solvents 

The extraction of tlie unsaponifiable matter is ofiected by rcjicatedly 
shaking the .saponified mass,**^ dissolved in a suflicient amount of water, 
with ether or petroleum ether, and separating the two layers by means 
of a separating funnel. The small quantities of soap tliat pass into 
the extract are removed by washing the etliereal solution with water. 
H. Schwarz,^ as also Neumann* Fiskef Ileiduschka and Glotli,^ Bacon 

’ “ Unsapoiiiliablu ” sub-stante,s arc not infrequently UHcd as dcnaturatiiig agents for 
purposes of Custoin-liouscs. 

' Jf the iiia.ss lia.s not been s.ipoiiilie<l completely, the inisaponified portion p-asse-s 
into tlie ether, and is weighed nltiniately as so much unsaponifiable matter. Some 
ehcmi.sts recommend, tlierel'oie, to saponify the ether li-xtruet a second time. This com¬ 
plication is, however, iiiinece.ssary, if tlie .saponification be carried out with <lue care. 

Jonrn. tioc. Ctiem. Ind., 1884, 649. 

^ liwichtc, 1885 (18), 3061. 

* Amer. <Jhem. Journ., 1909, 510. (Illustrations, see Journ. Soc. CVhw. Jnd., 1909, 
817, and Vhem. 1910, 1366.) 

* Pharm. ZcntraUi., 1907, No. 17. 
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and nmhar ^ designed special extraction aiiparatus, but its employment- 
loi the purposes of fat analysis cannot be recommended. * 

Regarding the choice of tlie solvent, it i.s always safer to use common 
ether than petroleum ether, notwithstanding the fact that the former 
extracts in most cases larger quantities of soap than the latter. Thus 
LewkowUsch found in the case of shark liver oil and some kinds of 
whale oil that petroleum ether gave very capricious results, which were 
all far too low, owing, no doubt, to the " unsaiionifiahle matter ” 
(cholesterol) in the.se oils being very s|)ariiigly soluble in petroleum 
ether,® whereas constant results were obtained when common ether 
was used. Due attention must be iiaid to the fai t that the solubility 
of soaps in ether and petroleum ether i.s increased by the presence of 
wax alcohols and hydrocarbons; in accurate analysis it is therefore 
nece.ssary, after eva|Kirating off the solvent, to shake the extracted 
unsaponiliable mas.s with a little warm water, and to extract again with 
ether or petroleum ether. Lewkowitsch * recommends to incinerate 
the extract; a residue giving an alkaline reaction on treatment with a 
little water points to the presence of soap in the unsa])onifial>ie matter. 
By titration with an acid the amount of alkali is found and the amount 
of soa]) can bo calculated a[ipi-oximately. 

If the soap solutions happen to be neutral, dilution with water 
will jrroduce slight hydrolysis of the soaps and “ acid soaps ” (such as 
sodium bistearate, see Chap. HI. )), 128) are fornuid. Such soaps arc 
•somewhat soluble in ether ; it is therefore advisable, when using ether, 
to render the soap .solutions sl.roiigly alkaline by adding an e.xce.ss of 
alkali. I’etroleum ether, on the other hand, more readily dissolves 
alkaline soaps, whereas neutral soaps are almost insoluble in this 
menstruum. 

Very often a distinct separation into t.wo wcll-deliiied layers does 
not take place readily, and emulsions are formed on shaking which 
require a very long time to sc|)aratc, if, indeed, they separate at all. 
The last eventuality occurs in the case of waxes and notably so in the 
ca.se of wool wax. In such cases, if ether ha.s been used for extraction, 
it will be found most convenient to add a little alcohol or glycerin after 
shaking, and to impart a slight rotary movement to the Be|)arating 
tunnel without, however, agitating. In other cases addition of a little 
caustic soda will moi'c readily produce the desired effect. If petroleum 
ether has been employed, the formation of emulsions is best avoided 
by adding to the alcoholic soa]) solution (obtained on saponification) 
not more than an equal volume of water. 

Sometimes a flocculent layer will appear between the aqueous 
solution and the solvent. In the case of wool wax Lewkowitsch^ 

' Joiirn. Ind. Vhmi. Jintj.i 1911, 930. 

^ Jmifn. ‘S»c. Chan, hid., 1896, 14 ; cp. ul.so Buiilop, ibid., 1908, 63. 

^ vSliiikolV ami Si.-lu-stakdir {Journ. Snc. Chan. Ind., 1898, 805, 878), confirm this I'or 
liono fat cliole-sterol, which is reaiUly cxlracletl by coiniiiou ether, hut not so reatUly 
by petroleum ether, espeeiully wlieii the .soup solution contains alcohol. Op. also 
G. Meyer, Vhe.m.. Zeit., 1907, 423. 

* Jourii. a'hc. Chan, hid., 1892, 139 ; 1896, H. 

® ibui., 1892, 136. 
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showed that these flocks consist of a soap insoluble in cold water and 
formed from fatty acids having a high molecular weight. The appear¬ 
ance of tliis flocculent stratum, however, does not interfere with the 
correct estimation of the unsaponiflable matter. 

The petroleum ether used for extraction should not contain any 
liydrocarbons boiling above 80° C.; otherwise it will be found almost 
impossible to remove the last portions of the solvent without seriously 
vitiating the results. The commercial article sold as boiling below 
170° F. should not be taken on trust. It is therefore imperative to 
fractionate the petroleum ether, using a good dephlegmating column, 
e.g. Young s, and to discard any fractions boiling above 80° 0. or even 
above 60° C. (cp. p. 282). The commercial production of “petrol” 
and “ white spirit ” has greatly increased the facilities for obtaining 
suitable petroleum ether. 

Considering the importance of the subject, I think it best to describe 
fully several methods for the estimation of the unsaponiflable matter, 
for the reliability of which I can speak from practical experience. On 
the whole, ])reference should be given to the first method, originally 
proposed by Allen and Thomson} which I describe in an amplified form 
as regards details. I also replace the caustic soda, recommended by 
Allen and Thomson, by caustic potash. 

Saponify 5 grms. of the sample with 25 c.c. of double normal alcoholic 
potash in a flask under a reflux condenser, and evaporate off the bulk 
of the alcohol. The residual soap is dissolved in 50 c.c. of liot water, 
and transferred to a separating funnel of about 200 c.c. capacity, using 
about 20 to 30 c.c. of water for rinsing the flask. After cooling, add 
30 to 50 c.n. of ether and shake the solution thoroughly. Addition of a 
little alcohol will accelerate the separation. The soap solution is then 
run off into another separating funnel and again exhausted with fresh 
ether. As a rule two extractions will suilice ; it is, however, safer 
to extract a third time. The ethereal solutions are united, washed with 
a small (;iuantity of water to free them from any dissolved soap, and 
transferred to a tared flask. The ether is distilled off on the water- 
bath, and the re.sidue dried at 100° 0. and weighed.^ 

Morawski and Demski^ treat 10 grms. of the sample witli 50 c.c. 
of alcohol and 5 grms. of caustic potash previously dissolved in a small 
quantity of water. The flask in which the fat is saponified is connected 
with an inverted condenser, and after lialf an hour’s boiling 50 c.c. 
of water are added, and the mass allowed to cool. It is then trans¬ 
ferred to a separating funnel and shaken out with petroleum ether. 
When the two layers have separated, the aqueous layer is drawn off as 
completely as possible, and the petroleum ether repeatedly washed with 
water, without, however, uniting the washings with the main soap 
solution. Instead of running the ethereal solution directly into the 

^ Cfiem. News, 1881 (43), 2C7. 

2 In the case of Tjone fat, Shukoff and Schestakolf do not wasli the ethereal solution, 
but evaporate down to dryuess, neutralise the extract (containing presnniably acid soaps) 
with standard alkali, plienolphthalein Uing the iinlicator, and exhau.st again with 
petroleum ether (see Vol. II. “ Bone Fat"). 

* Dingl. Volyi. Joum. ‘258, 39. 
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tared flask, it is first drawn off into another dry flask (or better into 
a second separating funnel; Ijewkowilsch)^ and from this poured into 
the tared flask, so as to leave the water behind. The main soap solution 
is again extracted (and if need be a third time), in the same manner, 
and the petroleum ether added to tlie first portion. On distilling off 
the petroleum ether, the unsaponifiable matter will be left behind. 

hiritz and lionig ^ recommend washing the petroleum ether layer 
with 50 per cent alcohol instead of water, thus shortening the time 
required for the separation of the two layers. The ado))tion of this 
suggestion will in many cases prevent the formation of troublesome 
emulsioas. 


(2) Extraction of the Dried Soap with Solvents 

hor the extraction of dry soap, ether cannot .be recommended, as 
larger quantities of soap would be dissolved than is tlie case in the 
foregoing proce.sses. Therefore petroleum ether, chlorofoim, or carbon 
tetrachloride are preferable. 

Ten gi'Jtis. of the sample are saponified, in a porcelain dish of D inches 
diameter, with 50 c.t;. of an 8 per cent alcoliolic caustic potash {Allen 
used soda) solution, by gently boiling on the water-bath with con¬ 
stant stirring until the soap commences to froth ; 15 c.c. of alcohol 
arc tlien added, ajid the boiling continued until tlie soap is dissolved. 
Next 5 grins, of sodium bicarbonate are stirred into the mass, and 
50-70 grins, of freshly ignited pure sand mixed with it. After (frying 
for twenty minutes in a water-oven, the mass is transferred to a Soxhlet 
ap])aratiis, and extracted with petroleum ether, completely volatile 
below 80^" or 60"^ 0. Tlie petroleum ether is then distilled off and the 
residue weighed. 

In (^ase considerable quantities of mineral oils are admixed with 
fatty oils, Finkener^ uses the following process, which is but a slight 
modification of that proposed by Alleii and Thomson : Heat 10 grms. 
of tlie sample on a water-bath with 50 c.c. of a nearly normal alcoholic 
solution of caustic soda, add 5 grms. of dry sodium bicarbonate to 
convert the excess of cau.stic soda into carbonate, and heat on the 
water-bath until the alcohol has been driven off. Transfer the hot 
mass to a stoppered cylinder, allow to cool, and shake thoroughly with 
300 c.c. of petroleum ether. Filter into a dry flask, distil off the bulk 
of the petroleum ether, pour the solution on to a watch-glass, and weigh 
after evaporating off the remainder of the petroleum ether. 

For the more complete extraction of the unsaponifiable matter from 
dry soap, Ritter^ recommends to mix the soap with common salt 
previous to extraction with ether. The advantage of adding salt does 
not lie in that it offers a larger surface; hence salt cannot be replaced 
by sand or paper. Evidently the salt acts not only as a dehydrating 
agent, thus preventing the soap from passing into the ethereal solution, 

^ Jonni, Soc. CAm. /n«/., 1891, 1039. 

8 Vhem. Zeit, 1901, 872. 


“ im., 1886, 457. 
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but it also inhibits the formation of emulsions which is apt to occlude 
unsaponifiablc matter.^ 

The methods described under (1) cannot be employed for the 
determination of alcohols and other “ unsaponifiablc ” portions of 
beeswax,^ carnauba wax, and other solid waxes, since not only arc 
their alcohols sparingly soluble in the cold solvents, but the alkali soaps 
of the fatty acids are not readily soluble in w'ater nor even in dilute 
alcohol. In these cases middle layers of llocculont matter aie apt 
to be formed, which consist of soaps of fatty acids of high molecular 
weight in intimate intermixture with “ unsaj)onifiable matter.” These 
middle layers so persistently retain the alcohols, etc., that even frctpiont 
shaking out with solvents fails to extract their total amount. In such 
cases it is best to propaic insoluble soaps of the fatty acids by nojitral- 
ising the saponified mass with acetic acid, using j>henol))hthalein as an 
indicator, and precipitating with calcium chloride ® or barium chloride. 
T’he precipitate is washed, dried, mixed with sand, and boiled out 
repeatedly with petroleum ether. 

In the case of shark liver oil and some kinds of whale oil, examined 
by Lewkowitsek* very considerable quantities of soap wore dissolved 
together with the unsaponifiablc matter, so that petroleum ether is 
useless in these cases. Tor these suh.sianccs one of the processes 
described under (1) must therefore be used. 

As the amount of unsaponifiablc matter in natural oils and fats 
depends to a considerable extent on the mode of ])repaia(ion and 
extraction of oils and fats, the proportion varies, of coui'se, with dilTer(;nt 
specimens of one and the same oil. No useful purpose w'ould be served 
by tabulating the proportions of unsaponifiablc matter in the natural 
products. A considerable number of data ascertained in the case of 
commercial samples will be found in the monographs given in Vol. II. 
Chap. XIV. 

In the case of waxes also the amount of unsaponiliahle matter 
varies. It should be borne in mind that the greater part of the “ un- 
saponifiable ” consists of the alcoholic portion of the esters, which aic 
accompanied by smaller amounts of hydrocarboils. 

' For a iiiodilicatiou of Hitter’s iiiethoJ for ileleniiitiiug tlie proportion of cholesterol 
cp. H, J, Cooper, Journ. Jliol. Chtm., 1912 (11), 37 ; (12), 197. 

^ Cp. Buchner, Clmn. Zdt., 1907, o70. 

^ The iiiiigiiesiiiiii, culeiuin, atrontiuiii, barium, alniniiiium, zinc, cadmium, ami 
cojtjier soaj)3 are soluble in both common ether ami petroleum ellmr to a notable extent 
(cp. Vol. III. Chap. XV.). The least .soluble are the calcium .salts. Chatelau and Spie«H 
patent a proce.s.s for extracting lime salts, containing an cxce.s.s of lime, or hydrasilicate 
and other inert .substances (German patent 19-1,871). 

* Joicrn. dhew. hid., 1898, 14, 



CHAPTER VII 

CTIKMICAL METHODS OF EXAMINING OILS, FATS, ANJ) 
WAXES—Q a A MT ATIVE T ES'J'S 

Tiiii nieaninj; of sorno of tho <F«nlitative iosts wliich form tlio Ku])jeot 
of this cliaptor lias been ])ointed out already in the introduction of 
the pre(;edint^ chapter (p. 378), and their bearing on the examination 
of oils, fats, and waxes has been explained in general. The prominence 
<riven formerly to some of them (sneh as the elaidiu test and the 
Maumenc test), notably for classifying purposes, has greatly diminished 
within the last decades. They are described hero, side by side with 
the other more important tests, as they arc still employed bv a number 
of (chemists. 

These tests conipriso the following :— 

(1) Elai'din Test. 

(2) Sulphur Chloride Test. 

(3) Oxygen and Ozone Absorption Test. 

(4) Bromide Tost. 

(5) Thermal Reactions. 

Colour tests, which are (caused by foreign matters dissolved by 
tho oils in tlie course of their preparation {e.g. small quantities of resins, 
etc.), «lo not give, as a rule, such decisive results as do the qualitative 
tests just enumerated; tiiis is also due to a great extent to the fact 
that the quantity and sometimes also the nature of those impurities 
varies considerably iiwlift’erent specimens of the same kind of oil owing 
to the dilference of the processes aclojiied in theircommercial jireparation 
and purification. Only in some special cases, which will be considered 
under 

(6) Colour Tests, 

do the colour reactions furnish definite indications. 


1. Elaidin Test 

This test is based on tlio fact that olein is converted into the solid 
isomeric elaidin by nitrous acid, whilst the glycerides of linolic, linolenic, 
and (dupanodonic acids remain liquid under the same conditions. The 
nomdrying oils yield therefore solid masses, whereas the semi-drying 
461 
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and the drying oils give more or less liquid products. (Cp. Chap. L 

p. 62.) 

The fact that fuming nitric acid has the property of thickening 
olive and almond oils appears to have been observed first by Boyle 
in 1661. Povtet in 1819 proposed this test for the examination of 
adulterated olive oil. PouteCs test, as practised in tlie Paris Municipal 
Laboratory,^ is carried out in the following manner : 10 grms. of the 
oil under examination, 6 grms. of nitric acid of specific gravity 1-38 
to 1’41, and 1 grm. of mercury, are placed in a test-tube, and the 
mercury is dissolved by shaking continuously for three minutes. The 
mixture is then allowed to stand for twenty minutes, when it is shaken 
again for one minute. The behaviour of different oils after that time 
is recorded in the following table :— 


Kind of Oil. 
Olivo oil 
Arachis oil 
Sheep’s foot oil 
Sesame oil 
Colza oil 
Linseed oil 
Cod liver oil . 
Whale oil 
Hemp seed oil 


ConsiMtfncti. 

Solidified after 00 miiuitos. 

„ 80 

„ 120 

„ 185 

„ „ 185 

Forms a red, dout;h-liko scum. 

Becomes doughy, red, and forms a scum. 
Same appearance. 

Remains unchanged. 


Copper may be substituted for mercury. 10 c.c. of oil are placed 
together with 10 c.c. of 25 per cent nitric acid and 1 grm. of copper 
wire in a test-tube, and allowed to stand. Finkener^ recommends 
for 10 c.c. of oil 0*2 grm. of copper and 0-5 grm. of nitric acid of spec, 
gravity 1-2. 

The various modifications of the elaidin test proposed by a number 
of observers have been discussed by Archbuit,^ who thoroughly examined 
them. His results point to the following conclusions :— 

(1) The test must be made at a temperature not below 25° C., and 
the temperature must be uniform throughout the experiment. 

(2) The length of time required for solidification is of far greater 
importance than the ultimate consistence of the elaidin formed. 

ArcMutt prepares and applies Poutet's reagent in the following 
manner : 18 grms. of mercury are placed in a dry stoppered 50 c.c. 
cylinder, and 15-6 c.c. of nitric acid, specific gravity 1-42, are added 
from a burette. The nitrous acid is entirely absorbed with production 
of a green colouration ; as long as the reagent retains its green colour, 
it is fit for use. 8 grms. of the reagent are shaken up with 96 grms. 
of the oil in a wide-mouthed stoppered bottle, placed in water at the 
required temperature, and again shaken at intervals of ten minutes 
during two hours. 

When tested in this manner, the more important oils may be 
arranged, according to Allen,^ in four groups :— 


^ Cp. Pelouzo ami Bomlet, Annal. d. Chim. el 1‘kys., 1838 (69), 44. 

® Zeits. f. analyi. Chan.., 1888 (27). 534. 

^ Joum. Soc. Ohm. Ind., 1886, 304. * Cominercuil Organic Analysis, ii. 58. 
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(а) A solid, hard mass is yielded by : Olive oil, almond oil, arachis 

oil, lard oil, sperm oil, and sometimes neat’s foot oil. 

(б) A huUer-like mass is yielded by : Neat’s foot oil, Arctic sperm 

oil, mustard seed oil, and sometimes by aracliis, sperm, and 
rape oils. 

(e) A pasty or buttery mass, separating from a fluid portion, is yielded 
by : Sunflower oil, niger seed oil, cotton seed oil, sesame oil, 
rape oil, cod liver oil, seal oil, wliale oil, and porpoise oil. 

(d) Liquid products are yielded by : Linseed oil, hemp seed oil, 
and walnut oil. 

Arclibutt experitnented also with a reagent prepared by passing 
dry sulpliur dioxide into cold nitric acid of specific gravity 1*42. This 
reagent thickens cotton seed oil and rape oil. The ])roduct yielded by 
pure cotton seed oil is red, that given by rape oil deep red. 

Ton per cent of either oil if admixed with olive oil docs not sensibly 
colour the white elaidin yielded by the latter oil. 

TJie hardest elaidins are obtained from arachis oil, olive oil, and 
lard oil. 

The elaidin test has been specially applied to the examination of 
olive oil. It cannot, however, be made to serve as a (piantitativo 
reaction.^ It has been shown first by Hilhl that the most serious errors 
may be committed, when an attempt is made to draw conclusions as 
to the composition of an oil from differences in the time required for 
the formation of elaidin, and from observations of the consistence and 
colour of the solidified mass, since the mode of preparing the nitrous 
acid, the mode of mixing the acid and oil, the shape of the vessel, and 
chiefly the temperature, influence the results to a very considerable 
extent.^ Nor should it be forgotten that the age of an oil and the 
manner in which it has been kept (ex])Osure to air and light) have an 
important bearing on the results of the elai'din test. Thus Gintl lias 
shown that an olive oil after exposure to sunlight for a fortnight did 
not yield any elaidin at all. The results obtained in tlie elaidin test 
are in every respect much loss vahiahlo than those furnished by the 
iodine t-est. Nevertheless the elaidin test is still used, notably in 
I'rancc, in the examinatjjm of olive oils. In tlie comparative examina¬ 
tion of almond oil and its congeners this test may afford some little 
information of a discriminative nature. 

In order to obtain trustworthy results, it is indispensable to in¬ 
stitute side by side with the oil under examination, under exactly the 
same conditions, comparative tests with standard oils of known purity. 


2. Sulphur Chloride Test 

E. Br\ice Warren stated that drying oils, on treatment with sulphur 
chloride, S2CI2, yield solid masses, insoluble in carbon bisulphide, 

1 Cp. “ Oleic Acid,” p. 181. 

2 Tlio same coiicUisious have been restated by Wclleinan, Joiirn. Soc. Chem. Ind., 
1891, 800. 
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whoroas mn-drying oils under the same treatment give soluble products. 
He based on this reaction a means of discriminating between drying 
and non-drying oils. The amount of drying oils in mixtures of fatty 
oils is determined in the following manner:— 

The reagent employed is sulphur chloride, diluted with an equal 
volume of carbon bisulphide. The sulphur chloride is obtained from 
the commercial yellow sulphur chloride {“chloride of sulphur”) by 
fractional distillation, the portion boiling below 137*^ C. being rejected. 
(The portions having a lower boiling point may be digested with a 
moderate excess of sulphur and again fractionated.) The reagent, 
prepared as indicated, is kept in bottles closed by corks (nated with 
paraHln wax. The exact quantity required for a test is withdrawn by 
mciins of a pipette. To p(;rform a test, 5 grms. of the oil under exam¬ 
ination are mixed with 2 c.c. of the reagent and 2 c.c. of carbon 
bisulphide in a porcelain crucible of about 120 c.c. ca])acity, and warmed 
on the water-bath, with constant stirring, until the reaction sets in. 
The mass soon becomes hard. The product must be broken up with 
a glass rod as completely as possible, in order to allow thorough ex])ulsion 
of the volatile substances; it is then dried until constant weight is 
obtained. The appearance of the product, both before and after 
drying—especially with regard to colour and consistence—should be 
noted. The dried mass is finely ))owdercd and exhausted with carbon 
bisulphide, the solution evaporated to dryness, and the residue w'oighed. 
The quantity of the insoluble portion is found by difference. (It should 
be noted that every trace of moisture must be rigorously excluded.) 

Warren obtained tlic following figures with pop))y seed and linseed 
oils:— 


.'■> t^rtng. r)l' 

Soliii Insoliilili! I’ro- 
clm.t. 

I,i<Hiiil Sdliitilo I’ro 

itiKl. 


Onus. 

0 mis. 

seed oil gavu 

()-4(5 

1.06 

Linseed oil „ 


0-78 


Warren''s method is based on older observations made by Rochleder} 
Roussiii,^ Perra,^ and Mercier^ His results, however, do not agree 
with Rochleder's statement that olive oil, pre-eminently a non-drying 
oil, yields an insoluble product; they are further contradicted by 
Sommer ^ and by Henriques.^ The experiments carried out by the 
latter prove conclusively that no relationship exists between the 
drying power of an oil and the proportion of sulphur chloride required 
to form a solid product. 

Experiments undertaken by the author (with a view to converting 
the sulphur chloride test into a quantitative reaction) prove the im- 

' Divgl. Polyt. Jonni, 111, 159. 

3 Ibid. 151, 138. 

® Gorman jiatent 50,282. 


2 Ibid. 151, 136. 

(Jompt. rend. 84, 916. 

® Junm. Soc, Chem. Ind., 1894, 47. 
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Xh 

reliability of Warren's statements, as will l>e seen from an examination 
of the following numbers ;— 


Oils and Fats treated with S 2 CI 2 ; 5 grms. of fat ; 2 c.c. S^Clg, and 
. 2 c.c. 0^2 {Leivkowitsch) 

A. Products completely soluble in Carbon Bisulphide 


Class of Oil. 

Kind of Oil. 

Mann tlilckensal'tiT 
Mimitea. 

/ 

S|)enii oil, No. 1 


20 


Sijcrm oil, No. 2 


45 

Liquid waxes . . J 

Arctic sperm oil. No. 1 


45 

. 1 

Arctic sperm oil, No. 2 


55 

( 

Arctic sperm oil, No. 3 
Mowrah seed oil 


30 

Vegetable fats , . -| 

Palm oil 

Palm iml oil 

Cocoa mit oil 


Do not 


Lard 


tliickeii. 

1 

liutter fat 




Beel tallow 



' 1 

Muttou tallow 

_ 



B. Products not completely soluble in Carbon Bisulphide 





Soluble in 
CSj. 

Class of Oil. 

Kind of Oil. 

In the Cold. 

On the Water-balh. 





Per cent. 


Linseed 

10 

2 

14-4 

Drying oils . \ 

1 

Tuug, Chinese 
Hemp seed 

H 

11 


9-2 


Puppy s( ed 

21 


10-6 

Fish oils . 

Japan fish 

9 


12-4 

Liver oils . . | 

Cod liver, fiure 
Cod liver, rancid 

3.5 

li 


4-4 

6-4 

Blubber oils . | 

Seal 

Whafb 

11 

13 


4-4 

3 0 


Cotton se(^ 

20 


24-0 


Sesam4 

21 


18-4 

Semi-drying oils • 

Colza 

23 


2-8 


Rape 

12 

2 

4-2 


Croton 

18 


25-4 


Poach 

2G 


4-8 

• 

Almond, sweet 

27 


4*0 


Almond, bitter 

28 


3-4 


Arachis 

30 


6 0 


Olive 

22 

4 

4-2 

Noil ilrying oils. • 

Castor 


at once 

3*8 

Sheep’s foot 
Horses’ foot 

36 


6-0 


20 


13-6 


Neat’s foot 

23 


9-4 


Lard 

10 


1.5-0 


Tallow 

12 


29-8 


2 n 


VOL. I 
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The author further observed a remarkable difference in the action 
of sulphur chloride on vegetable oils on the one hand, and on their 
mixed fatty acids on the other. Whereas the oils are acted upon 
quickly with the formation of a solid product, the free acids react more 
slowly, yielding semi-solid, viscous products. 

The chemical change which takes place, when sulpliur chloride is 
allowed to act on oils, appears to consi.st in an absorption of the elements 
of sulphur chloride, much as iodine chloride is absorbed in liitld’s test. 
Heitriques showed that after treatment with sulphur chloride, oils liave 
far lower iodine absorption values than before. Uher and Horn, and 
afterwards Ilenriques, proved that the products of i-eaction contain 
sulphur and chlorine in approximately the same proportion as does 
sul])hur chloride (S 2 ^^ 2 )- Thus, the action of sulphur chloride on 
oils appears to consist in the conversion of unsaturaied fatty acids or 
their glycerides into saturated compounds. Further investigations 
must show whether a separation of saturated from unsaturat<»d glycerides 
can bo elTected by means of this reagent. In this connection the 
dilference between the behaviour of lard and tallow on tltc one luuid 
and that of their “ oleines ” on the other is somewhat remarkable. 

The researches of C. 0. Weber ^ have tlirown much light on the 
rationale of the chcmh^al reaction involved. Further information 
on that subject will be given under “ India-Kubber Substitutes ” 
(Vol. III. Chap. XV.). For the thermal reaction with sulphur chloride 
cp. p. 488. 


3. Oxygen and Ozone Absorption Tests 

The absorption of oxygen from the atmospliere has a vory important 
bearing on the liability of oils to cause spontaneous combustion when 
spread in a finely divided state on fibrous organic substances (cp. 
Vol. III. Chap. XV. “ Wool Oils ”). It lias also very great importance 
in the iudustrie.s of paint oils, boiled oils, and varnishes (cp. Vol. III. 
Chap. XV.). 

It has been pointed out already (p. 416) that the iodine absorption 
of oils and fats stands in close relationship to their absorption of oxygen, 
and that the latter property, being a measure of the drying power of 
oils, had been used for purposes of classification. It has further been 
explained that the classification based on the iodine value includes the 
.subdivision of the oils into drying, semi-drying, and non-drying oils. 

Although the extremes of these groups, as represented by linseed 
oil and olive oil, are sharply defined, in that the foi nier easily “ dries ” 
to a solid substance on exposure to air, even at the ordinary tempera¬ 
ture, whereas the latter remains comparatively unchanged under the 
same conditions, there exist so many gradations between tliesc two 
extremes, that a sharp line of demarcation cannot bo drawn. The 
gradual transition from true drying oils to decidedly non-drying oils 
admits of the interposition of an intermediate class of semi-drying oils ; 

* Joiirn. Soc. Chem, Ind., 1894, 11. 
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l>ut as tlio })rocoss of dryinj^ with formation of a skin may ocampy in 
some eases as much as several months, it is evident that a strict sub¬ 
division cannot be based on the more or loss pronounced drying 
properties. 

It should be noted that tlie distinction drawn liorc between drying, 
semi-drying, and non-drying oils is based on tlieir beliaviour at the 
ordinary temperature, for aiicoi-ding to Lirache all oils, even solid fats, 
are oxidised on exposure to air at higlier temperatures (see below). 

TJic foregoing not(5s may be illustrated in a general manner by 
some comparative tests due to Archbutl} 


Kitnl of Oil. 

Tinii! rn.iiiiirt^il for ^ lliiii liltti 1 
iliy iti iiir id 50’ C. Il’l j;i iii, nil 

Linsred . 

1)11 ;i irliiss aiii'fai'ii 7 wj. 

. . About J2 hoiii'.s 

Muize 


Cotlim seed 

21 „ 

('iifcius 

24-30 lion I'M 

Jtape 

4H 

Olivo 

. . More than 13 days. 


Tin* chemical changes wiiich take place while oils are “ <lrying ” 
are very iinperf(!ctly understood, and further experiments arc recpiired 
to elucidate this important question (cp. “ iloiled Oil,” Vol. III. 
(.'ha|). XV.). The drying properties of a vegetable oil siunn to stand 
in dirc(d. ratio to tne proportion of glycerides of lino!(mic and linolie 
acids in the oil. TherefoKi, in a general way, llio rule holds good that 
the higher tlie iodine value the better will an oil dry. (In the case of 
tung oil the drying power seems to reside in elieomargaric acid.) This 
rule satisfactorily explains tlie fact that even closely related tills, such 
as the oils of tlie rape oil group, behave differently when expo.scd to the 
atmosplicre. In tlie cast^ of animal oils of the lish, liver, and blubl.ier 
oil group.s, the o.\-ygen absorption must be ascribed to the iireseiice of 
cbipanodonic acid. 

If oils be treated with ozone a direct jiroportionality is observed 
betweim their iodine value and the amount of ci.:o/ie absorbed. Molinari 
and his collaborators ^Soncim, Fenaroli'^ and B(uosi^) have sliown 
that the glycerides of unsaturated fatty acids absorb as many moli^cules 
of ozone as they contain ])airs of doubly-linked carbon atoms in tlieir 
molecule. The amount of ozone absorbed is found in a direct manner 
by dissolving the oil under examination in a suitable solvent and passing 
a current of ozonised air tlirough the solution, until no further increase 
in weight takes place. In the earlier experiments the complete absorp¬ 
tion required a prolonged time, but by heating the solution containing 
the ozonide in a vacuum on the water-bath at 0., constant weight 
can be obtained within half an hour, so that the whole determination 

• Journ. lS»c. Chi'.m. hid., 1899, 347. 

® Annvario della Soc. (Jhimiea di Milano, 1903, ix. p. SO? ; 1905, xi. p. 80 ; 1906, 
xii. fascie i., ii., iii., and iv. ; JkriclUe, 1906, 2735 ; tJazz. chini., 36, ii. 29^ 
y JierichU, 1908, 2789 ; 2793. 



468 CHEMICAL METHODS OF EXAMINING OILS, FATS, ETC. onA?. 


of the increase in weight by absorption of ozone—termed “ ozone 
value **—need not require more than two to three hours. Tlie increase 
which a specimen of olein having the iodine value 85-8 (tlieory 86-2, 
see p. 406) gained on being saturated with ozone in a solution of 
(petroleum) hexane was 16*45 per cent, wliilst theory required an 
increase of 16*27 per cent. The product so obtained has been described 
above as (p. 28) “ Triolein (Olein) Ozonidc.” Fenaroli obtained the 
“ ozone values ” given in the following table; against the observed 
numbers arc placed, in the last column, the theoretical “ ozone values ” 
calculated from the corresponding iodine values :— 



Ozone VaUii! found. 

Oznii<‘ VaUio ralruliiti'd 
from Iodine Value. 

Iodine Vahio. 

Linseed oil 

84 

83*5 

176-8 

Maize ,, 

21-6 

21*6 

114*1 

Olive ,, 

10*0 

1.5*9 

83*8 

Castor ,, 

Ctiolesterol 

16*2 

16*3 

86*4 

24*85 

1 

65-8 

Phytostorol . 

21*85 

1 

65*8 


It would seem to follow from the numbers stated in the last table 
that the information gained by the determinatio]i of tlie ozone value 
is fully comparable with that obtained by detcriuining the iodine value. 
Since, however, in practical work the determination of the iodine value 
is very much simpler than that of the ozone value, it is not likely that 
the determination of the ozone value will su})plant that (d the iodine 
value. 

In the ca.se of the absorption of oxygen from air no such quantitative 
proportionality as exists in the case of ozone has been observed hitherto. 
Olein absorbs six atoms of iodine, and, as shown above, assimilates a 
closely corresponding amount of ozone, yet it does not readily absorb 
oxygen from tlie air. In fact its fatty acid, oleic acid, wliicli absorbs 
two atoms of iodine and, in conformance therewith, one molecule of 
ozone (see Cfiap. III.), possesses no drying properties. Therefore a 
dire(;t proportionality between the quantities of oxygen and iodine 
which drying oils assimilate, cannot be established, inasmuch as two 
atoms of absorbed iodine should correspond to one atom of oxygen. 
Still, a certain proportionality does exist, as will be seen from the 
following table, in which the percentage of oxygen actually absorbed 
is compared with the quantity of oxygen calculated from the iodine 
absorption value by multiplying the latter by = 0*063.^ 

’ The theoretical “ozone nuiiiber” for two molecules of ozone is 24*84. Cliolesterol 
an<l phytosterol absorb, however, only two atones of bromine (or one molecule of iotlo- 
chloride, as far as has been proved iii the case of cholesterol; see p. 268). It should 
also be pointed out tliat according to lJ.arries, Annal. 374, 291, the ozone 

addition nielliod doe.i not alway.s yield correct results. 

* Cp. Engler aud Weissberg, Jierichte, 1900, 1097, aud Vol. III. Chap. XV, 
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Kind of Oil. 

a 

Oxygen Absorption. 

Dotennined by 
Woigliiiig. 

Calculated fram Iodine 
V/iluf'. 

Tdnseed 

Hemp seed. 

Walnut 

Toppy .seed 

Per cent. 
lS-6-19-3' 

13-4 

7-9 

0'8 

Per cent. 

10-77-12-6(3 

9-324 

9-135 

8-28-9-01 


If <i convenient method were knowm for the a(;c.iir.atc detennina- 
tioii of tJie oxfffjeii. wJiicli is absorhed during the drying jiroeess, it 
would be possible to class the determination of the drying power, or, 
as it might be termed, the “ oxygen value,” amongst tlie quantitative 
tests. Determinations made by earlier ot)servers2 were done in a very 
unsystematic fashion, insudlcicmt regard having been paid to such 
important factors as teni))erature,^ influence of light,® moisture of the 
atmosphere, thickness of layer exposed, age of tlie oil, etc. 

The earliest experiments consisted in ex[)osing different oils to 
the atmos[)here, and ascertaining the increase of weight which had 
taken {>iace after a certain lapse of time. The greater the gaiti in 
weight, the greater vvas considered to be the oxygen ab.sor])tion, or, 
in othew words, tire grcuitor the drying power of the oil. But the 
numbers thus obtained could give but limited information a.s to the 
oxidation which liad taken plac e. For if an oil were exposed in dishes 
in a layer about one centimetre thick, as was usually the c^nse in these 
eai-iier experiments, a .skin would soon he formed on the toj) layer. This 
would prevent further access of thci oxygen of the atinosphere to the 
oil, so that whilst the top layer might represemt a com])letely oxidised 
oil, the layer immediately below would only be partly oxidised, owing 
to dilfusion of oxygen into that middle lajv.r, and the bottom layer 
would represent practically unchanged oil.^ This can be readily 
ascertained by exposing iiusecid oil to the atmosphere, in a porcelain 
dish, ill a layer of aboyt one centimetre tliicknciss. After about one 
week a dry skin will have formed on the top; on breaking tlie skin it 
will be found that the layer immediately below is still viscid, whilst 
the bottom layer is liquid, lienee, sucli tablets as those given by Mulder ® 

’ Weger fonml higlu:r values; ami (ientho, even per cent (in ultra-violet liglit); 
SCO Vol. 111. Ciiap. XV. “Boiled Oil.” With regard to the action of ultra-violet liglit 
cp. also E. V. Atii)cl, CoiiipL rend., iy09 (149), 98J1. • Compare also Cooper Hewitt lamp, 
Vol. TI. “ Biiisced Oil.” 

“ A iiumher of tiielhods clue to earlier ol'.servers such asCasselmanii, Fox, Bach, a. o., 
were enumerated in the .secoml edition of this work (1898, p. 285), But have been 
omitted in later editions on account of their uselessness. Recent revivals of these 
methods need not therefore be referred to. 

^ Cp. Geiithe, Zcits.f, (cmjew. t'fieiii.,V.)OQ, 2089, and Vol. III. Chap. XV. “Boiled 
Oil.” 

Weger, Zeds./, angno. Cfumi., 1898, 492, 507 ; Chem. Act'., 1898, 315. 

° Chemie dcr anslriKhMiukn Oelc. 
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and by Kisslwg ^ are of limited value, and I therefore omit them here. 
Besides, no account was taken of the fact that the increase of weight 
(ascertained by weighing) merely represents the algebraical sum of 
all the changes that have occurred, and that therefore the increase of 
weight cannot be identified with the amount of absorbed oxygen. In 
the course of drying, other changes take place (such as the formation 
of volatile acids, as also of carbon dioxide) whk-h cause a loss, the 
amount of which is obliterated by the preponderance of the gain through 
absorption of oxygen (cp. Vol. HI. Chap. XV. “ Oxidised Oils”). 

Since the drying of an oil re(pni'es a protracted length of time, 
attempts were made to accelerate tiie progress of drying by mixing 
witli the oils finely divided lead [hivache ^), or finely divided cop])er 
{Hiih ]; Lippert ^). Limehe's lead powder is prepared by prcci]>itating 
a lead salt with zinc, washing tlie precipitate rapidly in succession 
with water, alcoliol, and etlier, and finally drying in a vacuum. The 
test is cari'ied out as follows : Spread about 1 grm. of lead (or copper) 
powder, weighed ofi' accurately on a somewhat large watcli-ghiss, in a 
thin layer, and allow to fall on to it from a pijteite O-b to 0-7 grms. 
(not more) of the oil to be tested, placing each drop separately on tlie 
lead (or copper) powder, taking care that the drops do not run into 
one another. Then allow the watch-glass to stand at the ordinary 
temperature exposed to light. (The acceleration of the drying l)y tiic 
catalytic action of metals or their salts, will be discussed under “ Djiers ” 
(Vol. III. Chap. XV.).) 

In this process, linseed oil readies tlie maximum absorption witliin 
a few days, whereas under ordinary conditions the same result is only 
arriv'ed at after a much longer time has elapsed. Livachc states that 
drying oils absorb tlie maximum quantity of oxygen after eighteen 
hours, or in some cases after three days, wliereas non-drying oils do 
not gain in weight before the lapse of four or five days. Weger^ con¬ 
demns Limehe’s process, and recommends to employ larger ((uantitios 
of lead, so that for 0-2 grin, of oil there sliould bo taken at least two 
gnus, of lead powder. But even in that case the results, as shown 
below, were not found to lie satisfactory. 

Tlie following table reproduces a number of results obtained by 
LhmcMs method. There is added the gain itf weight of the free fatty 
acids, since the free fatty acids, with the notable exception of those of 
cotton seed oil, behave in Livache’s test mucli like their glycerides, 
so that their increase in weight corresponds to the gain in weight of the 
neutral oils. 

' Journ. .S'oe. Chejn. Ind., 1891, 778 ; 1895, 479. Op. also secoml (Hlitioii of this 
Work, p. 285. 

IhUl, 1886, 404. 

Ckem. fterue, 1899, 07. 

■* CImn. Hectic, 1898, 240. 
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Oxygen Ahorption hy Limche's Test 


Kind of Oil. 

Gain in Woiyht of 100 J'art.'i: 

Obsorvor. 

2 Days. 

Of Oil af 

3 Diiya 
(Jm/t 1). 

icr 

7 Days. 

Until Weiglit 
remained 
consbint. 
CVorltin >). 

Of Fatly 
Acids .Tiler 
8 Days. 

Linseed . 

14*3 




11-0 

Livaehc. 

Stillinj'ia. 

8-72 


12-45(8diiy.s) 




Walnut . 

7-U 




6-0 


I'oppy .seed 

6-8 




3-7 


Cotton seed 

5-9 




0-8 


Beech nut 

4-3 




2-0 


Col/a 

0-0 


2-9 


2‘l> 


Rape 

0-0 


2-9 


0-9 


Sesanid 

0-0 

... 

2-4 


2-0 


Aracliis . 

0-0 


1-8 


1-3 


Olive 

0-0 


1-7 


0-7 


.lap.m lisli 


8-194 





Menliaden 


5-451 





Sardine . 



... 

-22 



Cod liver. 


6-383 


5-43 



Wliale . 


8-260 


7-02 



Neut’.s foot 




1-19 



Sperm 


1-029 






In orilor to elTect morn rapid oxidation Bishop^ {ollovvin;i tho 
inetliod adopted in practice witli paint oils {Vol. III. Chap. XV.), 
spreads the oil on precipitated silica, and adds a little niangaiiesc 
rosinate (see “ Driers,” Vol. III. Chap. XV.) obtained from the coin- 
inercial product by extraction with pctroleiini ether or coniinon ether. 
Bishop proceeds as follows: 5 to 10 grms. of oil are jilaced in a di.sh 
and ini,xed on the water-bath with exactly 2 per cent of manganese 
rosinate, until the latter is completely dissolved. 1 gnu. of calcined 
precipitated silica is weighed into a llat-bottomed dish, and 1-02 grin, 
of the rosinated oil is fRlded, di oj) by ilrop, by means of a pipette. The 
mass is intimately mixed with the aid of a glass rod, and carefully 
spread over the bottom of the dish so as to oiler a large surface to the 
air; it is then left at a temiierature of 17°-25° C. in the case of drying 
oils, and at 20°-30‘’ C. in the case of other oils. The dish is weighed 
after six hours, and twice more in the twenty-four hours, a fresh surface 
being exposed after each weighing by stirring the mass. The maximum 
increase in weight, calculated to per cent, is termed by Bishop tho 
“ (kgree of o-xidation.” 

The following table contains the results obtained by Bishop :— 


' Allowdl lo staiul for three flays iu a dry atmosphere (under a desiccator over 
sulphuric acid). 

2 JoAtn, i'harm. ei Chiniic, 1806, 55 ; Journ. Soc. Chm. Ind.^ 1896, 475. 
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Oil. 

Specific 

Gravity. 

Absorption of 
Oxysen in per cent 
“ Degrees of 
Oxidation." 

Mean 

Values. 

Linseed oil, French .... 

0-9327 

17-70-16-40' 

17-05 

,, ,, River IMata 

0'9304 

16-45*15-00 

15-20 • 

Hemp seed oil . . . . 

0-9287 

14-55-14-30 

14-40 

Poppy seed oil, French 

0-924 

14-50-13-90 

14-20 

Walnut oil, French .... 

0*924 

13-70 

13-70 

Cotton seed oil. 

0-924 

8-60 

8-60 

,, „ freed from sLcariiie 

0-923 

9-60-9-30 

9-45 

Sesame oil, Senegal .... 

0-9215 

8-96-8-50 

8 70 

,, ,, Indian .... 

0-921 

7-40 

7-40 

Aracliis oil, African .... 

0-918 

6-70 

6-70 

,, „ white .... 

0-916 

6-60 

6-50 

Colza oil, French .... 

0-9142 

6-40 (?) 

6-40 (?) 

,, ,, Indian .... 

0-9137 

5-90-5-80 (?) 

5-85 (?) 

Olive oil. 

0-9156 

5-30 (?) 

5-30 (?) 


Fahrion ^ proposed to determine the oxygen absorption of an oil by 
impregnating with it a strip of chamois leather, and exposijig it, sus¬ 
pended from a brass hook, to the atmosphere. Side ])y side with it 
he suspended a similar strip of leather, serving as a blank test, so as to 
eliminate tlie influence of evaporation of moisture from the leather, etc. 

Fahrion's results are tabulated below ; the absorption of oxygen 
has been calculated to 100 parts of oil used :— 


* Lippert, J'lurn. iS<w. Chew. Ivd., 1898, 088, foiind in some c.ases, wlnni nsing coni- 
pftr.ativtily fresh oils, tlit- iibsovittion from 17 to 18 per cent, uml in n few eases even 
19 per cent; but lie never obtaimsl 20 per ccnl. 

- Juarn. Chan. Jmh, 1895 , 811 . 
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vu 


OXYGEN ABSORPTION TEST 


473 








474 CHEMICAL METHODS OF EXAMINING OILS, FATS, ETC. chap. 


A modification of this method, using cotton yarn as a sub¬ 
stratum {Fahrion^) applied to the isolated fatty acids, will be described 
below (Chap. VIII. p. 567). 

From tlie foregoing notes it will be gathered that the changes which 
accompany the drying of an oil are of a very complicated nature, and 
(le])end on a variety of factors, namely, the age of an oil, the action 
of oxygen through exposure to air previous to examination, length of 
time of exposure, thickness of layer, atmospheric (conditions,^ tempera¬ 
ture, and influence of light. Investigations as to the influence which 
each of these factors exercises to the exclusion of the others are obviously 
beset with great dillicultics, and have not been carried out hilherto in 
a systematic fasliion. 

The influence wliicli the length of time during which an oil is exposed 
has on the determination of the drying power is illustrated by tJie 
following table 


No. of Oil. 

Weight of Oil. 

WeiglitofLead. 

Grms. 

Gain ill of 100 P.arts atlcr 

Grins. 

1 Day. 

3 Days. 

(i Days. 

fi Days. 

1 

3-246 

1-012 

14-4 

15-7 

uncliaiigod 


2 

3-154 

0-663 

2-45 

12-0 

15-9 

unchanged 


No. 1 must be considered the hotter drying oil, although botli oils 
finally absorb the .same amount of oxygen. 

llcgarding the influence of temperature, it has been estahlislied 
so far tliat at elevated temperatures the absorption of oxygen takes 
place at an increased ratio. 

Livache showed tliat ra])e oil and olive oil, when kepi at a sufficiently 
high temperature (I20'’-l60'^ C. with or without previous treatment 
with litharge or manganese borate), behave like drying oils and become 
finally transformed into a solid substance, viz. Mulder's “ linoxyn ” 
(see Vol. III. Cliap. XV.). Further experiments of Livache prove that 
all fatty substances without e.xception, whetlfer of vegetable or animal 
origin, even solid animal fats, can be converted into “ linoxyn,” the 
rapidity of the change depending on the temperature used and on the 
previous treatment to which the fatty substance has been subjected.® 

Lipperi, as also V^eper, undertocjk a systematic study of the drying 
power of oils, by exposing them to the action of the atmosphere in very 
thin layers on gla.ss plat<;s. It was found that gla.ss could not be replaced 
by any otlier materials lighter in weight; thus celluloid, gelatin, and 
even ebonite were found completely useless. Sheets of mica, although 
useful for the work, are too easily damaged, and even sheets of thin 

* Zeils.f. uwjtxo. Vhem., 1010, 722; 1106. 

- Cj). ilifferunce betwet n boileil oil prepared with lead nnd manganese driers 
respectively (Vol. HI. Chap. XV.). 

'* Cp. Fleurent, Juurn. Soc, Vhevt. Ind., 1898, 8.')2. 
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metal have the drawback of being too easily creased. Necessary 
precautions in this test are : that the glass be perfectly clean, free fi*om 
dust, and that the oil be spread with the greatest possible care in an 
evenly thin layer. If the layer is of uneven thickness, increase of 
weight may occur at one place, w'hilst simultaneously in a thinner layer 
loss of weight may take place. A series of experiments showed that 
the thinner tlie layer of oil exposed, the more rapidly is oxygen absorbed 
at the conimoncoinont of the experiment, but after twenty-four lioiirs 
air equilibrium seems to be establislied. The thicker the layer the 
smaller is the increase, but if the layer is too thin, unreliable results 
will be obtained. The best conditions seemed to be reached by spread¬ 
ing the oil so that about 0-0005 grin, covci'od one srpiare centimetre 
of a glass plate. 

The table facing this page reproduces the results collated from 
Wefjer's table. 

It will be seen that the process is an extremely tedious one, and 
depends on the accuracy with wliich a few decimilUgrams can be 
ascertained. Besides, the method does not yield absolute figures, and 
can only be used as a guide in comparative tests. It must, tlicn-idorc, 
<l(q>end on tlic, given circumstances wlietlier this process shoiihl be 
appli(!d. Kor if it is merely a ([uestion of discriminating between 
drying, semi-drying, and non-drying oils, the iodine \aijue will not only 
be the most convenient sorting test, but will at the same time furnisli 
(piantitativc results, as explained already. It .should be noted, liow- 
ev(‘r, that the iodine value must not, be accejited as tantamount to a 
measure of the drying j)Ovver. To take a striking examphi, fish and 
livin’ oils absorb a])proximately as much iodine as do the best drying 
oils, and yet tliey are greatly inferior to the latter as regards oxygen 
absorplion powei’. Furthermore, lisk and liver oils diilcr most materi¬ 
ally from the “ drying oils,” in that they do not form a skin as docs 
linseed oil.^ 


4. Bromide Test 

In the course of liis investigations on unsaturated fatty acids, 
Ilazum studied also the ai^tion of bromine on these acids (see Chap. 
VllT.). Hehner and Mitchell'^ a])plied ilazurd’s suggestive methods to 
tlie glycerides themselves, and worked out a process which offers a 
means of differentiating (iualitatively drying oils, as also fish, liver, 
and blubber oils, from oils belonging to the semi-drying group and 
from liquid waxes. 

This proce.s.s is best applied in the following manner, which embodies 
some slight modifications worked out in tlie author’s laboratory : 
Dissolve 1 to 2 grms. of oil in 40 c.c. of ether, to which a few c.c. of 
glacial acetic acid liave been added, cool the solution in a corked flask 


* Willi regard to the chaiigcH wliicli oilM siilVer iiiuler the iiiilueucc of atmosplieric 
oxidation cp. II. C. Sherman and M. J. Falk, Juurn. Amcr. Clieni. Soc., 1903 [25J, 711; 
1905 [27], 005. 

Anabjstf 1898, 313. 
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to 5® C., and add bromine from a finely-drawn out pipette,^ drop by drop, 
until the brown colouration remains permanent. {If the temperature 
were allowed to rise, evolution of hydrobromic acid would become notice¬ 
able. In that case the experiment must be rejected.) A fter standing for 
three hours at a temperature of 5° C. the liquid is filtered through a 
plaited filter, and the precipitate washed four times in succession, using 
each time 10 c.c. of chilled ether. The residue is finally dried in a 
water-oven to constant weight. Tolmaii prefers to centrifuge the 
precipitate in a tube and wash it therein.^ 

The following are the theoretical numbers of brominuted tri¬ 
glycerides, the fatty acids of which contain eighteen atoms of 
carbon :— 



Formula. 

llroniine. 
Per cent. 

Octobrominated stearin, Octobronioclupanodonin 


68-92 

He.xabrominatcd stearin, Ilexabrouiolinolcnin . 


62-28 

Tetrabrominated st(?ann, Tetrabromolinolin 
Dibrominatod stearin, Dibromoulein . 

C3H.(C„H3,02Br.), 

52-23 

CsHsfCjgHssOjBrj)^ 

35-19 


The hexabrominated compounds obtained from linseed oil melt at 
about 140® C. and decompose at about 155° C., the octobrominated 
compounds do not melt below 200° C. and blacken above that tempera¬ 
ture. 

In order to illustrate the usefulness of this method, the author 
may point to the fact that tung oil was found in lus laboratory^ to 
yield no liexabromides, whereas Maquenne's formula CinH 3 o ()2 for the 
chief unsaturated fatty acid in tung oil postulated that liexabromides 
should be obtained. This apparent discrepancy has been satisfactorily 
explained by Kmnetaka,* who established the formula of OJ 8 H 32 O 2 for 
cheomargaric acid. 

Ilalphen- slightly modified Uehner and Mitchell's method by employ¬ 
ing the following brominating reagent: 28 volumes of glacial acetic 
acid, 4 vols. of nitrobenzene, and 1 vol. of bromine. Ihd'phen mixes 
0-5 c.c. of the sample with 10 c.c. of the reagent in a test-tube, and is 
thu.s enabled to differentiate qualitatively between ( 1 ) oils which give 
no precipitate even after one hour’s standing and form a clear solution ; 
( 2 ) those which give no precipitate after one hour’s standing, but 
furnish a slightly turbid solution ; (3) those which become distinctly 
turbid and yield a precipitate; and (4) oils which become turbid and 
separate into two layers on standing. In this form the test yields no 
more definite information than the iodine absorption test (cp. also 
Vol. II. Chap. XIV. “ Marine Animal Oils ”), 

It is therefore far better to carry out the test in its quantitative 
form as described above. The following table states the amounts of 
the bromo-compounds of glycerides obtained from a number of oils. 

^ Op. also Cliap. VJII. - Joii/rn. Ind. Eng. Ohm., 1909, 342. 

^^Analyst, 1902, 237. ^ Jmim. Vheni. 1903, 1042. 
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pie numbers, due to Walker and Warhurton, and to Stadler,^ were 
determined in tlie author’s laboratory. 


Kind of Oil. 

! Yield of IrisoluMo 
i Hroiiiiili's ii'oiii 
j Glyeftridos. 

1 I’cr r.*iit. 

Perilla 


Linseed (iod. val. 181) . 

2314; 23-.X2 

„ (iod. val. 18I3-4) 

24-17 

„ (iod. val. H)0-4) 

37-72 

Linseed. 

23-8{j-25-8 

Linseed, Baltic (iod. val. 197) . 

47-5; 48-1 

„ Indian (iod. val. 185) . 

39-1 39-3 

„ Dutch (iod. val. 181-5) . 

3ti0 

„ Argentine (iod. val. 179-5) 

35-3 33-7 

1 ung, Chinese. 

nil 

„ Ist samjde .... 

nil 

„ 2nd samijlo .... 

0-38; 0-39 

Candle nut. 

8-21 7-28 

Hempscod .... 

8-82 

Walnut. 

1-42-1-9 

Walnut .... 


Suftlowor .... 

0(i5-l-f}5 

.Soya bean. 

3-73 •' 

„ . 

3-02 

Poppy seed. 

nil 

I Maize. 

nil 

i Cotton seed 

nil : 

’ Cotton seed ^ , . . . 


.Sesam^ . 

0-0(i-01() j 

Rape. 

0-73 1 

Jirazil nut 

nil i 

Almond .... 

nil i 

Olivo. 

nil 

Japan fish. 

21-14; 22-07 

! Fish, ilt'odorised .... 

49-01; 52-28 

1 Menhaden .... 

01-8 

1 Cod liver. 

42-9 

Cod, Newfoundland 

35-33; 33-70 

32-08; 30-02 

Shark liver . ... 

22 

Seal . 

21-22; 19-08 

27-54; 27-92 

Whale. 

25 

„ old 8ani])le . • 

15-54; 16-14 

„ fresh sample 

20-1-22-0 

Sperm. 

2-01; 2-42 

„ . 

3-72; 3-09 


(after standing 


48 hours) 




Obsoi'Vm. 


Lewkowitsch j 

WulltiT and Warhurton j 
Lewkowitscli ! 

Hohiior and Mitcholl ! 

Inj'le I 


HchiKT and Mitchell 
Walker and Warhurton 

Sprinktueyer and Dicdrichis 
HehtUT and Mitchell 
Sprinkmeycrand Xliedrichs^ 
VValker and Warhurton 
Lewkowltsch ; 

Sprinknieyerand J)icflrichH-| 
Hehner and Mitchell 

Lcwkowit.sch 

iSprinkmeyer and Diedrichs- 
Stadler ^ 

liehner and Mitchell 


Walker ami Warhurton 
Jiiylo 

liehner and Mitchell 
Walker and Warhurton 

Hehner and Mitchell 
Walker and Warhurton 

Hehner and Mitchell 
Walker and Warhurton 
Lewkowitsoh 
Walker and Warhurton 


The hi-ominatcd glyceride.s do uot crystallise well and offer difficulties 
in filtration. Especially is this the case with the octobrominuted 
glycerides. Tlie quantitative re.sults obtained by the several observers 
vary considerably; this is due to variations of the conditions under 

> Analyst, 1002, 237. 

ZcUs.f. Unters. d. Nahrgs- u, tlenusmi., 1012, xxiii., 684. 

* Molting point 148° C. 

® Deteriiiined in tlie author’s laboratory. 


^ Cooled. 
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whicli the determinations were made, sueh as temperature, concentra¬ 
tion, time of standin^T. 

In the author’s opinion, derived from very extensive practice with 
tliis method, it is therefore preferable to apply the i)rc)mido test to the 
fatty acids (cp. Chapter VIII.), isolated with due care so as to avoid 
oxidation by the oxygen of the air (cp. Cliap. III. p. IIO). 

5. Thermal Tests 

(rt) Thenual Reaction with tinfphuric Acid: Maumeuc Test 

Maumene} investigating systematically the rea< tion first observed 
by Achard (in 1777), ascertained that, on mixing concentrated sul[)huric 
acid with drying oils, a higher temperature was produced than is the 
case with non-drying oils; Maximene then proposed the suljdniric acid 
test as a useful reaction in the examination of fats. 

Fehling, Casselinann, AtJen, Archbulf, and others conlirmod Mau- 
inenes observation, and proved that com])arable results may he. obtained, 
if the expeiiments are carried out under exactly the same conditions. 
It is therefore necessary to use always suli)luiric acid of p!'(Kisoly the 
.same strength (the acid must be ke])t carefully protected from acccs.s 
of air), to cool the oil and the reagent to exactly the same temperature 
before commencing the oj>eration, and even to use tlu^ same vessel 
for each determination.^ {Archbntt, however, is of the opinion that it 
is unnecessary to woi k at some constant initial tem]Huatur(!.) 

Mauniene^ found that sulphuric acid heated to 320'’ C., and used 
immediately after cooling, gave a different temperature r(^a(^tion from 
that shown by an acid that had Jiot been .so treated. This is due to 
the partial dissociation of the sulphuric acid which tak(‘s ])lace on 
heating. Since, according to Lunge and Naef, sulj>huric acid of t)!) per 
cent of SO 4 H 2 has the same spechic gravity as 00 per cent acid, it is 
be.st to ascertain the .strength of the sulphuric acid by til-ration 
{Archhutt '*). 

The influence of the concentration of the acid on the result is shown 
in the following table due to Archhutt (cp. also below, Thomson and 
Ballantyne s table, p. IB.')):— ^ 


Kind of on. 

Ilise of Temppratiiro observed with Acid contiiinlrig 
jif!!’ cent of SO 4 II 3 ; 

«7-38. 

96-71. 

95-72. 

94-72. 

92-75. 

92-73. 

91-85. 

Olive I 

Rape 

Olive, impure | 

■ 0 . 
43-25 
42-25 
63; 62 
48-6 \ 
48-5/ 

“ 0 . 

J 42 

61 

47; 47-5 

'C. 

39 

,58 

/43-75 

t.44-25 

•c. 

36-5 

64 

40-751 
40-25/ 

•c. 

34-5 

60-25 

38-5; 39 

•c. 

31 { 
47 
/ 35-5 
135-5 

“ 0 . 

28 

29-26 
40-5; 43 
32-6 
32-5 


• Compt. rend., 1882 (95), 572. 

* Compt. rend. 92, 721. 


Journ. Svc. Chem. Ind., 1801, 234. 
* Joum. Soc. Chem. Ind., 1886, 304. 
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It should also be noted that on using a somewhat weak acid the 
rise of temperature is very slow. 

Archhutt recommends tlie following nuithod of operating : 50 grms. 
of the oil (weighed accurately to within 10 to 20 milligrams) are jilaeod 
in a beaker of 200 c.c. capacity. The bottle of acid and the beaker of 
oil are then placed in a large vessel of water until both li({uids have 
acquired the same temperature, viz. about 20"“ C. The beaker contain¬ 
ing the oil is removed, wiped outside, and placed in a “ nest ” of (card¬ 
board, having hollow side.s stuffed with cotton wool, or in a larger 
beaker lined with cotton wadding. A thermometer is then immersed 
in the oil, and after the temperature has been read oil, 10 c.c. of the 
concentrated sulphuric acid are raj)idly witlidrawn frotn tlic bottle 
with a pipette and run into the oil; the time allowed for the emptying 



of the pi}>ctte should occupy only one minute. During this time the 
oil should be stirred with the Iherniometer, and the stirring (‘ontinued 
until no further rise of tgmperature is observed. The highest point is 
easily noticed, as the temperature remains constant for some little time 
before it begins to fall. 

In order to secure a more perfect intermixture of oil and acid, Allen 
fastens the thermometer to a tin plate, bent into the shape of a screw- 
paddle. This piece of apparatus, showm in Fig. 39, form.s an ellicient 
stirrer, producing a complete intermixture of the two liquids. 

The numbers of the following table, expressing the rise of temperature 
by Manmene’s test for various oils, are arranged in the order of the magni¬ 
tude of the iodine values, so as to show the correlation (if any) of the 
thermal reaction and the iodine values of the oils. The results are mean 
numbers obtained by different observers who worked under different 
conditions. Therefore the individual numhers given under the heading 
of each oil and fat in Vol. II. Chap. XIV, should also be consulted. 
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CHAP. 


Oil. 

Glass. 

Group. 

M&uroeD4 
Test *0. 


Perilla.... 
Linseed 

Stillingia 

Cedar nut . 

Garden rocket 

Hemp seed . 

Walnut, Nut 

Satilowcr 

Soya bean . 

Poppy seed . 

Millet seed . 

Niger seed . 

Sunflower 

Fir seed 

Pine nut 

Madia .... 
Tobacco seed 

Isauo .... 
Mohamba 

Drying oils 


127^ 

110-126 

136-6 

98 

126 

97* 

101-103 

120 

882; 91-21 
88 

67-6 

81*5 

72 

98-6 

71 

97 

100 

116 

66 


Camclinc 

Serni-drying 

Cotton seed 

82.117 


Grape seed . 

oihs 

oil group 

63-82 


Mai^e [corn]. 



81-86 


Beech nut . 



64 


Kapok .... 



9,5 


Cotton seed . 



76-90 


vSesame.... 



6.5-5 


Myrtle seed . 



39 (!) 


Zachun 



75-5 


Brazil nut . 



51 


Curcas. purging nut 



6.5-66 


Ganlcn cress 


Ra|>e oil 

92-95 


Ravison 


group 

65t76 


Rape (colza). 



66-64 


Black mustard 



43 


White mustard 



44-49 


Radish seed . 



61 


Jamba .... 



62 


Small fennel 

Nou-<lrying 


89 


Quince .... 

oils 

* 

73 


Cherry kernel 



46 


Cherry laurel 



44-.5 


Apricot kernel 



42-46 


I'lum kernel. 



41-7 


Peach kernel 



42-6 


Almond 



.52-5 


•Sanguinella . 



52 


Acoim .... 



60 


Californian nutmeg 



77 


Arachis 



4.5-61 


Rico .... 



66-7 


Pistachio > . 



44-7-6.5 



' K. Wiliscli, Inaug. Diss., AugHbiux, 1912. 1'he oil wa-s niixeil with 70 ptr cent of 
paraffin oil (see footnote, p 483) an<l treated witli a 'j2*5 per cent sulphuric acid. 

^ C. Oettiiiger and F. Buchta, Zeii,/. an'jeio. C'hevi., 1911, 828. 
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OIL 

Cla.s8. 

Group. 

Mauii!ftn6 
Test. ” C. 


Hazel nut , , 

Klozy .... 
Stall' tree . , 

Olivo .... 

Colloc Itcny . 

Sterculia. . ‘ . 

Canari .... 

Non-dryiii" 

oils 


3(> 

69 

77 

4vr>-i:> 

.'■.4 

158 

r.9 


Castor . , , . 


(Castor oil 

46-17 


_ .. ___ 


group 



Mcnlmdcn 

Alariiio 
animal oils 

Fish oils 

126 


Cod liver 


Liver oils 

113-116 


Seal 

Whale .... 


Blubber oils 

92 


Torpoiso, body oil. 



50 


Shecp’.s foot . 

Horses’ foot . 

Neat’s foot . 

Terre.stiial 
animal oils 


19-5 

..8 

47-58 



Oil or Fat. 

riass. 

Group. 

Test, 

"C. 


Laurel .... 
Njave .... 

Vegetable fats 


115*6 

55 

39 


Nutmeg butter 

Myri.stica 

group 

Horse fat . 

Lard .... 

Animal fats 

Semi-drying 

Non-drying 

46-51 

2-1-11 


Wiixo.s. 




ypi'rilic Tetup. 
Ucactidn. 

Sperm oil . 

Arctic sperm oil . 

Liquid waxes 


51 

41-47 

100 

93 


Undoiilitcdly, there exists a correlation between the rise of tem¬ 
perature in Maumene's test and the iodine value of an oil; the hiuher 
the rise of temperature, the higher is the iodine number (cp. Vol? If, 
Chap. XIV. under “ Olive Oil ”). However, this correlation cannot 

bo expressed by a constant factor, such as for [lehner 

Maumene test’ 

mid Mitchell * derived from 9 observations (made by one and the same 
' Arudyst, 1895, 147, 

2 I 


VOL. I 
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observer) on lards, the factor 1-748; from 10 observations on olive 
oils, 2-1837 ; and from 203 observations on olive oils, 2-314, Even 
on applying the last factor to other oils examined by the same observers, 
discordant results were obtained. 

An exception to the general rule that the iodine value rises in direct 
proportion with the Maumene test is afforded by sterculia oil (Vol. II. 
Chap. XIV.), which has an iodine value of 76-6, whereas 158° C. is 
recorded as its Maumene test. This exceptional behaviour would seem 
to be explained by the fact that sterculia oil forms a solid substance 
on heating (although castor oil, which simulates sterculia oil in its 
low iodine value and the property of forming a polymerised oil, docs 
not show a higher rise in temperature than 67° C.). 


Oils exhibiting a very marked rise of temperature should be diluted 
with a measured quantity of olive oil {Maumene^). Bishop^ recom¬ 
mends mineral oil for the same purpose, and calculates, from the 
ob.served rise of temperature, the rise of temperature which ilie original 
oil would sliow in the following manner (which, however, is not quite 
correct): Let 67° C. be the rise of temperature obtaine<l with 10 grms. 
of cod liver oil, 10 grms. of mineral oil, and 20 grms. of sul])huric acid ; 
if tlie rise of temperature of the mineral oil alone be 14° C., then the 
figure for cod liver oil would be 2(67 - 14) = 106° C. {Bi^ho])). 

Bishop obtained in this manner the following results ;— 


Kind of Oil. 

Cod liver, white 
„ „ pale 

„ „ brown 


Uise of Tc'iiiperaturo. 
calciilahHl. 

C. 

100 

102 

102 -.-) 


Araohis ...... 00 

Mixture consisting of 80 parts of cod liver oil, pale, t 
and of 20 parts of aracliis oil . . . ' 

Mineral oil . . . . .14 


Ellis ^ also recommended mineral oil as a diluent. Having found 
that no concordant re.sults were obtained when the maximum tem¬ 
perature was much over 60° C. (since above that temperature further 
rea<;tions set in between sulphuric acid anu the oil, cp. Chap. II.), 
Ellis considers it necessary to dilute each oil, if required, with mineral 
oil in such proportions that the highe.st temperature attained is below 
60° C. For his mode of calculation and his results the original paper 
must be consulted. 

Tortelli, however, has shown that crror.s are introduced by using 
mineral oils as diluents, and insists strongly on the exclusive use of 
olive oil.^ He further points out that the amount of olive oil added as 
a diluent must bo so adjusted that the final temperature should not 
exceed 90° C. The apparatus which Tortelli uses is described below. 

* Cp. also Suzzi, Boll. Chim. Farm., 1905 (44), 301. 

^ Jowrn. Phami. Qwm. 20, 302. ** Journ. Soc. Ghfim. Ind., 1886, 160, 361. 

* Cheni. Zeit., 1909, 126. Cp. alao W. H. Boynton and 11. C. Sherman, School of 
Mints ^arterly, 1910, 64. 
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The following example may illustrate the manner in which the thermal 
number is calculated. Let 43-7'^ C. be the rise of temperature obtained 
with an olive oil, and let 634° be the rise of temperature ob.served on 
examining a mixture consisting of one volume of cameline oil and two 
volumes of the above olive oil ^; then the thermal value of the cameline 
oil is j x3 = 102-S)° C. 

Jean^ determines the heat evolved in Mmimenefi test in a spe(dal 
apparatus, styled by him Thermelieometer.” 

(Fig. 40) consists of a small vessel, A, 4 cm. wide 
and 6 cm. high, graduated for the reception of 15 
c.c. of oil, and of the acid liolder 15. The latter 
is fitted with a hollow glass-stopper C, to which 
is attacihed the india-rubber tube R. The neck of 
the acid holder is fa.stoned to a clamp, to which a 
thermometer is fixed 

The mode of operating is as follows : 15 c.i;. of 
oil, previously warmed to about 40° to 50" C., are 
placed in A, and 5 c.c. of concentrated sulphurii; 
acid of specific gravity L810 are introduced into 
15. Vessel B is then placed in A, and the apparatus 
allowed to cool to 30° C., the thermometer being 
* used to stir tlie oil occasionally. To prevent 
further cooling, A is pl.iccd in the felt-lined brass 
case E. The acid is then forced out of B through 
the small syphon-tube into A by blowing through 
R, and tlie mixture of oil and acid well stirred 
until the maximum temperature is rea(;hed. 

Drying oils should previously be mixed with 5 c.c. of mineral oil. 

Oils containing notable ])roportions of free fatty acids must be 
treated with alcohol before testing; a still better plan is to prepare 
the fatty acids and test the latter. Jeaii obtained the following results 
with his “ thc]‘mel*ometer ” :— 


This apparatus 



Fik. 40. 



Kisi! of 'j’l'iiip 

■I'iitiirn of tlie 

Kiixl of Oik 

Neutral Oil. 

Fatly Acitls. 


'C. 

"C. 

Linseed .... 

61 

109 

Colza, Eronch . 

37 

44 

Colza, Indian . 

37 

46 

Olive .... 

41'5 

* 45 


1 K. Wiliscli states, however, tliat it i.s best to mix oils giving a strong lieat reaction 
with 70 jH?r cent of paraffin oil, using a 92-5 per cent sulplmrie aci<l. Thn.s he obtained 
a maximum rise of temperature. The paraffin oil wn-s the German official “ paraffinum 
liquidnm ” (of 0-880 .sjx^cilicgrnvity) which gave no rise of tcmi)erature with concentrated 
sulphuric acid, 

^ Journ. Soc, Chem. Ind., 1890, 11 *39. 

^ Anotlier apparatus, olFering no special featuie, was described by Wiley (cp. Wiley, 
Lard and Laid Adulterations, Washington, 1889). 
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The numbers obtained by Jean are not, of course, directly com¬ 
parable with those given in the foregoing table. 

Tortelli ^ proposes another apparatus for determining the Maumene 
number. Tliis apparatus—“ thcrmoleometer ”—f;onsists of a glass 
vessel surrounded with a Dewar vacuum-jacketed tube (sec p. 490). 
The thermometer carries near its bulb two pairs of screw paddles (cp. 
also Fig. 40), which assist in producing tlie thorough intermixture of 
acid and oil. The sulphuric acid used has the specific gravity 1'8413 
at 15° C. TorteJH is of the opinion that the indication furnished by 
Ids thermoleometer renders unnecessary the determination of the 
iodine value of olive oils, it inciely being rc(pdred to multiply the rise 
of temperature, in degrees centigrade, by 1-83. 

The factor 1-83 must, however, not be used for other oils. For 
non-drying oils having iodine values from 80 to 90, Tortelli finds the 
factor T82 ; for semi-drying oils, of the iodine values from 100 to 110, 
the factor 1*6 (the actual factor fluctuating between 1-05 and T55); 
for drying oils, of iodine values 125 to 185, the factor 1-18 (the actual 
numbers varying between 1-55 and 1*40). 7'orielli is of the opinion 
that the iodine values as calculated from the thermal values with the 
aid of these factors are sufficiently accurate for practical i)urposes. 
The author, on the contrary, is strongly of the o])iidon that it would be 
a mistake to substitute the thermal test for the direct determination of 
the iodine valuc.^ For on the one hand the actual deviations from 
the sevoi’al factors as given by Tortelli are too numerous and also too 
great (thus in the case of castor oil the factor is 1*15, and in the case of 
cotton seed oil 1-40); and on the other hand the analyst must find 
himself at a loss as to which factor should bo applied, if an unknown oil 
be under examination. In the latter event he would after all be forced 
to determine first the iodine value. 

In the case of solid fats it is inconvenient to bring the sulphuric 
acid and the fats to the same temperature before commencing the test. 
Tortelli obviates this inconvenience by calculating from the specific 
heats of the fat and of the acid that temperature at which the two 
reacting substances have the same temperature. The formula whicli 
Tortelli gives is based upon the specific heat of olive oil as asi^ertained 
by Re^mmll, viz. 0*445. For the values obtained by Tortelli in the case 
of a large number of fats, the reader must be referred to the original 
paper. It need only be pointed out that tlie factors for converting 
them into iodine values vary in the case of solid fats in a much more 
capricious manner than they do in the case of oils. Thus in the case 
of vegetable fats the factors vary from 1*67 (for palm oil) to 0*67 (for 
palm-kernel oil) and oven to 0*33 (for cocoa nut oil); and in the case 
of animal fats from 1*53 (for lard) to 1*04 (for butter fat). 

Marcille^ recommends to weigh the oil, instead of measuring it, 
and proposes 18 grms. as a suitable (juantity. 

Exposure to light and air with its concomitant oxidation increases 

^ Boll. Chivu Farm. Fji-sc. 6, March 1904 ; (Jbem. Zeit., 1909, 125, 134 ; Gtua. 
Chim., 1909 (ii.), 71. 

* Cp. Lewkowitsch, JaJirhuchdcr Ckem., 1904 (xiv.), 438. 

^ Annul, des Falsijic., 1909 (2), 230. 
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the temperature reaction. Thus Archbutt records for a sample of 
olive oil, which, kept in the dark, gave a Maumcne test of 41-5'^ C., 
the liighei* figure 52*5'^ C. after exposure. 

This fact is brought out more prominently by BallanUjnc's observa¬ 
tions 


Ktad of Oil 

Hise of Toiin-erature. 

Original Oil. 

'C. 

After Exposure. 

•c. 

Olivo. 

41 

87 

Castor. 

73 

78‘5 

liapo. 

61*5 

72*5 

Colton si’od .... 

75*5 

100 

Araeliis ..... 

73-5 

90 

Linseed ..... 

113‘5 

131 


Tt should be noted that the reverse liolds good for the iodine absorp¬ 
tion nuinl)ers. 

Thomson, ami Ballavlyve^ proposed to refer the vise of temperature 
obtained with 50 grms. of oil and 10 c.c. of sulphuric a<;id to the rise of 
temperature which 50 grms. of water give under exactly the same condi- 

Jlise of temperalure with oil 

tions in the same vessel. J he quotient --- -- —- -r , 

^ iuse of temperature witli water 

is termed by them “ specific temperature reaction ” ; it expresses, 
therefore, the rise of temperature compared with water as unity. In 
the following table the results are multiplied by 100 in order to dispeii.so 
witli decimals. By recording the results in f his manner the discrepancies 
obtained on testing with sulpliuric acids of varying strengths are, of 
course, considerably reduced, as will be seen from the following tabic 


Eind ofOU. 

Siilpliuric Acid of 
lt6‘4 per cent. 

Sulpliuric Acid of 
yd-8 per cent. 

Sulpliuric Acid of 
yy per cent. 

Urse ill 
Temiiein- 
tu re. 

•c. 

Spccifii; 

Toinjieru- 

ture 

Keaetion. 

Uiso in 
Tempoitt- 
tiiro. 

*0. 

Spociiic 

Tuiiipeni. 

turo 

RoiictioiJ. 

Rise in 
Tempera* 
tore. 

'C. 

.Specific 

Tciiipeni* 

lure 

Reaction. 

Olivo 

36-5 

95 

39-4 

95 

44-8 

98 

Olivo 



39 

94 

43-8 

94 

Rope 

49 

127 



58 

124 

Castor 

34 

88 

37 

89 



Linsood 

104-5 

270 



125-2 

269 

Water . . 

38-6 

100 

_ 

41-4 

100 

46-5 

100 


The following specific temperature reactions arc given by Thomson 
and his collaborators, and by Jenkins : ®— 


* Journ. Soc. Chem. Ind.^ 1891, 281. 


- Ibid., 1897, 194. 
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Kind of Oil. 

Specific Teniperaturo 
Reaction. 
Waters 100. 

Class of Oil. 

Tliom-sori 

and 

Bnllan. 

tyne. 

Jenkins. 

Linseed, Baltic .... 

349 


Drying oils 

„ East India .... 

320 



,, River IMato 

320 



„ raw ..... 


313 


Japanese wood..... 


330 


Menhaden. 

306 


Fish oils 

Cod liver, medicinal. 

272 


Liver oils 

,, Scotoli .... 

246 



,, Newfoundland. 

248 



Ling Liver. 

232‘ 



Coal lisli liver. 

2571 



Whiting .. 

317' 



HaddocK .. 

300> 



Skate .. 

322' 



Seal. 


278 

Blubber oils 

,, tinged. 

229 



,, cold drawn, pidc 

225 



,, Norwegian .... 

223 



,, steamed, ]ia]c .... 

212 



Wliale, pale. 

157 



Cotton seed, refined I'igyjitian . 

170 


Scini-drying oils 

,, crude Egy[»iian 

163 



Ravisou rape. 


162 


Uajio. 

144 



,, ...... 

135 



,, . 

133 



,, ...... 


130 


,, . 

]2’7 




125 



Castor, conmicTcial .... 

89 

105 


Sperm, southern .... 

100 


Liijuid waxes 

Arctic .s])erm (Bottleiiose) 

93 

;o3 


Aracliis, commej'cial 

137 


Non-drying oils 

,, French, lefiiied . 

105 



Olive, Malaga. 

94 



„ Mogador .... 

93 



,, Mytilcno .... 

93 



,, Syrian. 

93 



„ Candia. 

92 



,, Gioja. 

89 



,, commercial .... 

92 

94 


Neat’s foot. 


87 

Animal oils 

Tiinseed, boiled .... 


248 

Manufactured oils 

Blown cotton seed .... 


164 


Blown rajie. 


163 



* Thomson and Dtiulo|>. 
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The above-given values have been placed by the author in the order 
of their magnitude ; as was to be expected, the different classes of oils 
arrange themselves in the same order as in the table given afiovc. It 
should be pointed out that Tortelli ^ reject’s Thomson's method. 

The Maumene test and its modifications have been described here 
in full detail, as this process has been largely used in this country, in 
France, and in the United States. It still seems to have a certain 
fascination for some workers, for even up to the present time experi¬ 
ments are being carried out in this direction. Thus Mitchell^ has 
tried to instil new life into this test by an extended experimental 
inquiry into the behaviour of glycerides and their fatty acids with 
concentrated sulphuric acid, carbon tetrachloride being used as a 
diluent. Furthermore, Gherman, Danziger, and Kohnstamm,^ as also 
E. Richter,^ and especially Tortelli^ and Wtlisch,^ published extensive 
tables, paying especial attention to the influence of diluents and to the 
effect of strength of acid. But since, in the author’s opinion, the 
information derived from this test is incommensurate with the labour 
involved, and since much more deflnite information can be obtained 
by the application of the “ quantitative reaction'^,” it is considered 
unnecessary to tabulace the results. 

In the majority of cases the analyst can very well dispense with 
this test altogether. Since Wijs' modification of the Hilhl test permits 
to ascertain the iodine value in a very short time, the Maumene teat 
has lost almost entirely its importance. It will, therefore, only be used 
in rare cases, when the “ quantitative reactions ” fail to give a satis¬ 
factory and unambiguous answer. 

Thus adulterations practised on olive oil can be detected with 
comparative ease, as olive oil exhibits the lowest rise in temperature 
excepting the animal oils. It may also offer some slight advantage 
in the exammation of linseed oil for its drying power (cp. also Vol. IT. 
Chap. XIV. “ Lard ”), and perhaps also in the testing of liquid un- 
saponifiablo matter with a view to differentiating mineral, I'osin, and 
tar oils. But in all these cases it is absolutely necessary to follow 
ArchhutCs plan, i.e. every observer must construct a table for him¬ 
self, using oils and f^ts of known purity, and whenever a sample 
is tested compare the results with those furnished by the standard 
sample. 

Attempts to derive the composition of a mixture of oils from the 
Maumene test lead to entirely erroneous results.^ 

More reliable results, which can moreover be obtained in a much 
shorter space of time than by Maumene's method and its modifications, 
are furnished by the Heal of Bromination Test (cp. p. 490). 

J Vhem. ZeiL, 1905, 532; 1909, 136. ® Analyst^ 1901, 169. 

* Journ. Amer. Chem. Sf)c., 1902, 266. * Zeils./. angew. Oum., 1907, 1613. 

® Chem. Zi'it., 1909, 134, 171, 184. ® Inng. JHss., Augsburg, 1912. 

Cp. W. n. Boyutrtu and H. C. Sherman, School of Alines l^arterly, 1910, 64. 
J. J. Kessler and J. K. Mathianon, Joum. Ind. Kng. Chem., 1911 (3), 66. 
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• (6) Thermal Reaction with Suljfkur Chloride 

Fawsiti ^ proposed to measure the lieat evolved by tlie action of 
sulphur chloride on various oils, with a view to discriminating? between 
drying and non-drying oils, after the manner of Maumene^s test. Since, 
however, this procedure offers no advantage over Maumene's test, or 
the Heal of Bromination Test {p. 490), it must suffice to briefly describe 
the modus operandi, and to I’ecord the values obtained in the table 
given below. 

Thirty grams of the sample arc weighed in a small beaker; this is 
then j»laced in a larger one, the space between the two beakers being 
packed with cotton wool. A thermometer is inserted into the oil, 
the temperature is read off, and the .sulphur chloride poured in slowly, 
with constant stirring. The time is then taken, and the thermometer 
kept stationary until the mercury ceases to rise. The highest tem¬ 
perature and the time arc noted. 

^ Jmirti. Soc,. i'/ifiii. hit!., 188S, 5.^>2. 
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Nimil 

er llise 

n 

— 

Class ofCil. 

Kind of Oil 

of 

. Tain 

Time 

n Riseiici 



adile 

• pura 

• till! 

ItiKii 

Minnto 

Drying oils 

Linseed 

2 

*c. 

57 

Min 

•c. 


n 

3 

79 

3 

26*3 


” 

4 

07 

2 

48-7 

Liver oils 

Cod liver 

1 ^ 

55 

4 

13-7 


>> 11 

3 

32 

3 

27-3 


” ” 

1 ^ 

103 

3 

31-3 

Blubber oils . 

Seal 

2 

45 

10 

4-4 


>• 

3 

79 

6 

.13-2 



4 

112 

r, 



Wiiale 

2 

1 ''■’7 

6 

9-4 


i> 

8 

71 

5 

14-1 



4 

91 

3 

30-2 

Semi-diyingoils 

Cotton seed 

2 

49 

11 



„ 

3 

64 

9 

7-1 


Ibijie 

4 

93 

6 

15-4 


2 

53 

10 

5'3 


» 

3 

66 

7 

9-3 


” 

4 

89 

6 

14-8 

Noil-drying oils 

Olive 

2 

52 

6 

8-7 


11 

3 

69 


137 



4 

94 


23-5 


Castor 

2 

56 

•2 

27*7 

Liquiil waxes . 

Sperm 

2 

37 

16 

2-3 


>1 

3 

54 

11 

4-H 1 


II 

4 

71 

8 

S-8 



5 

86 

6 

14*2 

Animal oils . 

Neat’s foojj 

2 

51 

7 

7-3 I 


II 

3 

66 

5 

13 -2 


Lard 

4 

82 

4 

20-5 S 


2 

40 

16 

2-4 I 


” 

3 

62 

9 

6-9 S 


>leic acid 

2 

63 

6 

10-6 L 


M >1 

3 

74 

5 

14-9 


1, ,, 

4 

99 




Stearic aeid 

2 

5 ' 

7 

07 S 


>> II 

4 

8 » 

5 

1-6 

( 

llycerol 

..L, 

21 

7 

_ 

3 0 L 


Final Condition of Oil. 


.Litjuid, viscous 
>1 very viscous 
Solid, sticky 


Liquid, viscous 
Solid, very sticky 
>> drv 


Liquid, nioro viscous 
Solid, sticky 
II dry 

Liquid, more viscous 
II very viscous 
Solid, dry 


^ very viscous 
Solid, sticky 
Liquid, more viscous 
" " 1, J^lightly sticky 
<lry 


lii(|uid, viscous 
,, very viscous 
Solid, dry 


Liquid, Very viscous 


very viscous 


Very viscous 


st.uidiug 


* Initial tomijcrature, 65® C. 
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(c) Thermal Reaction with Bromine; Heat of Brominalion Test. 

Bromine Thermal Value 

The action of bromine on oila and fats is attended with considerable 
evolution of heat. Ilehmr and Mitchell ^ showed that the measurement 
of the heat thus evolved leads to results furnishing more definite data 
than are obtained in the Maumene test. The following are the details 
of the method :— 

One gram of oil is placed in a Dewar vacuum-jacketed test-tube ^ 
and dissolved in 10 c.c. of chloroform (in order to moderate the action). 
Exactly 1 c.c. of bromine, measured by means of a pipette (provided 
at its upper end with a narrow tube filled with caustic lime, and having 
an asbestos plug at each end), and previously brought to the same 
temperature as the oil in the vacuum tube, is run in. The instantaneous 
rise of temperature is measured by means of a correct thermometer 
divided into fifths of a degree centigrade. 

The whole operation occupies only a few minutes. (B'atty acids 
are best dissolved in glacial acetic acid, and treated as above.) 

Hehner and Mitchell compared the numbers obtained for the rise 
of temperature of various oils and fats with the iodine numbers, in 
order to elucidate the correlation (if any) existing between these two 
values. As will be seen from the following table, the factor 5-5 serves 
to express the relation with considerable accuracy for the majority 
of the fatty substances examined by them under the particular con¬ 
ditions. The column headed “ Deviation ” has been added by the 
author. 

^ Analyst, 1895, 148. 

® The oil may bi; w«ighcrl in the tube, sus|H‘mlciI by means of a phitimim wire from tlm 
arm of the balamm (cp. Arclilmtt, Jonrn. Vhem. Ind., 1897, 310). In their iforlier 
experiments Hehner aiul Mitchell einployetl an or<ltiiary tesl-tnbf! packed into a beaker 
with cotton wool ; the results thus obtained are, ca-teris fHirilns, two degrees centigrade 
lower. 
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Oil or Fat. 

I!. 

Hoat, of 
Broini* 
imlioii. 

III. 

Iodine Nuiubor. 

IV. 

DcvLitiuii. 

•n. 

Kxpnri- 

meiil. 

Calculated 

frotii 
Column 
II. by 
imilliply- 
iiig by .^-5. 

Absol. 

Per cent. 

Lard, No. 1 . 


10-6 

57-15 

58-3 

+ 1-15 

+ 2-00 

,, 2 . . . 


]0'1 

57-13 

57-2 

+ 007 

+ 0-12 

,, 3 . . . 


11-2 

63 11 

61-6 

-1-51 

-2-4() 

M 4 . . . 


11-2 

61-49 

61-6 

+ 0-11 

+ 0-18 

M 5 . . . 


11 8 

64-69 

64-9 

+ 0-21 

+ 0-32 

„ 6 . . . 


11-8 

63-96 

64-9 

+ 0-94 

+ 1-50 

„ 7 . . . 


10-2 

57-15 

56-1 

-1-05 

-1-90 

„ 8 . . . 


10-4 

57-80 

57-2 

-0-60 

-105 

M 9 . . . 


9-0 

50-38 

49-5 

-0-88 

-1-70 

10 . . . 


11-0 

.58-84 

60-6 

+ 1-66 

+ 2-7 

,, +10 TH'r cent cotton seed oil. 

11-6 

64-13 

63-8 

-0-33 

-0-52 

Lard fatty acids 


10-4 

59-60 

67-2 

-2-40 

-4-20 

Mutton fat (kidney) 


110 

.59-15 

60-5 


+ 0-57 


8-1 

44-48 

44-5 

+ 0-02 

+ 0-05 

„ ,, (flare) . 


7-G 

39-70 

41-8 

+ 2-10 

H 5-0 

Butter, No. 


6 0 

37-07 

36-3 

-0-77 

-21 

,, No. 2 


7-0 

38-60 

38-6 

-o-io 

-0-27 

,, fatty acids 


6-2 

36-50 

34-1 

-2-40 

-7-04 

Almond oil . 


17-0 

96-64 

96-68 

+ 0-04 

+ 0-041 

Olivo oil ... 


15-0 

80-76 

82-50 

+ 1-74 

+ 2-1 

Maize oil . . . 


21-r. 

122-0 

118-20 

-3-80 

-3-2 

Cotton seed oil 


19-4 

107-lS 

106-70 

-0-43 

-0-4 

Castor oil . . . 


loO 

83-77 

82-50 

-1-27 

-1-5 

Linseed oil, No. 1 . 


30-4 

160-7 

167-20 

+ 6-5 

+ 3-9 

,, „ No. 2 . 


31 -3 

1.54-9 

172-00 

+ 17-1 

flO-0 

Rape oil, No. 1 


18-4 

88-33 

101-20 

+ 12-87 

H-12-7 

„ „ No. 2 . 


17-6 

77-2 

96-80 

+ 19-6 

+ 20-0 

Cod liver oil . 


28-0 

144-(13 

140-00 

-4-03 

-2-9 

,, ,, , , 


19-0 

198-5 

104-5 

-4-00 

-3-8 

,, ,, (conuiicrcial) 


19-2 

10.5-7 

?05-6 

-0-01 

~ 0-009 



18-9 

105-7 

103-9 

-1-8 

-1-7 


It should be distinctly understood tiuit the factor 5-5 must not 
be taken as an absolute <)ne, but as depending on the partiwilar vacuum- 
tube and the modiis opermuli adopted by Hehner ayid Mitchell. It is 
therefore imperative that each chemist who uses this method should 
ascertain the factor applying to his individual case by determining the 
heat of bromination of a non-drying oil, the iodine value of which has 
been ascertained by HuhVs (or method. 

Thus Jenkins ^ obtiiined the factor 5-7 ; Archbutt ^ found it to vary 
in the case of tallow, olive oil, rape oil, and linseed oil from 5*7 to 6*2. 
In the latter case the variation may be partly due to the fact that the 
weight of substance taken was not the same in every instance. 

Notwithstanding the considerable differences which linseed and 


1 Jouni. Site. Chem. Imi, 1807, 104, 

- Jbid., 1897, 310. Cp, nl#o Wilson, Chem. Naos, 1896, 27. 
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rape oils show, Ilehner and Mitchell thought that the determination of 
the iodine number by IluhVs method might be replaced by that of the 
heat of bromination. They even wont so far as to express the opinion 
that the calculated iodine values of the examined linseed and rape oils 
are more correct than those found by HuhVs method. In the author’s 
oj)inion this is tantamount to begging the question, for a much larger 
number of experiments is required to substantiate such far-reaching 
conclusions. Tliis is all the more necessary as serious deviations have 
been stated by Jenkins for tung oil and for “ blown oils.” 

On account of the exceeding simplicity of this test, and the rapidity 
of its execution, the heat of bromination test may prove a useful 
auxiliary test, especially where a largo number of specimens of the same 
kind have to bo examined in a short time. It will bo no less useful as 
a sorting test {UeJmer), in so far as it affords rapid information as to 
the class to which an oil belongs. Its great rapidity being one of the 
chief recommendations in favour of using the test, Wilct/s ^ modification 
(a chloroformic solution of bromine) would seem to complicate matters, 
all the more so as a lowering of temperature takes place when bromine 
is dissolved in chloroform. The latter fact has already led to the 
suggestion to substitute carbon tetrachloihle for chloroform. In the 
case of oils giving a violent reaction (linseed oil), ArcMutl ^ suggests 
to work with 0*5 grm. of oil, and to multiply the result by 2, and in the 
case of solid fats, which develop but little heat, to take 2 grrns., and 
divide the result by 2. 

Kecently A. Heiduschka and E. Rheinberger^ published a study on 
the bromine-thermal test, wherein they describe a special apparatus. 
They also worked with different solvents and confirmed that chloroform 
is the most suitable solvent. 

Since the introduction of Wijs' modification of the Ilubl test, 
hardly more time is ref[uired for the determination of the iodine value 
than the Heat of Bromination test demands. Hence the latter has 
fallen into desuetude, and may be entirely dispensed with, even in a 
works laboratory. 

The heat of bromination test has been applied by Klamroth to the 
examination of mixtures of cholesterol-, sitosterol-, and stigmasterol- 
acetates (cp. Chap. IX. p. 597). 

6. Colour Tests 

A very large number of colour reactions have been proposed from 
time to time, and are still being proposed, for the recognition of in¬ 
dividual oils. 

A complete synopsis of the older methods has been given by Chateau 
in his work On Fats.* The following tests, some of which are, curiously 

' Journ. >Soc. t'lu-m. Iwl., 1896, 384. ^ Ihid.y 1897, 310. 

* Ptiarni. ZenlrulhalU, 1912, 303. 

* Th. Chateau, Truite cnnplH dm Ci/rps <!rax luduslrids, TaiiH, 1863 (IJanco ct 
Mallet-Bachelier). Translated into German uihUt the title, FtlU; bcurbeitd von II. 
Hartmann. Leipzig, 1864. 
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enough, still being employed by some writers, may be mentioned in 
chronological order:— 

Faure (1839) stated that vegetable oils can be distinguished from 
animal oils by gaseoius chlorine; the latter oils—with the exceid.ion 
of foot oils from terrestrial animals—arc said to become black on treat¬ 
ment with this reagent. Faure also employed ammonia as a general 
reagent. 

Ileydeureich (1818) first applied concentrated sulphuric acid to 
the examination of oils; his method consisted in allowing five drops 
of the oil under examination to fall on the surface of pure, concentrated 
sulphuric acid in a porcelain basin, and observing the colours developed 
in the first three minutes. 

Penot introduced sulphuric acid saturated with potassium bichro¬ 
mate as a general reagent; the colours obtained with dilfcrcnt oils 
wore considered by him to bo characteristic of these oils. 

Behreii!}- used a mixture of C(pial parts of sulphuric and nitric acids. 

Crace Calvert's (1851) method has for a long time been in vogue. 
He described tlic colour reactions observed on treating different oils 
witli the following reagents: (1) caustic soda, 1-3U) spec. grav. ; (2) 
sulphuric acid, 1-175 spec. grav.; (3) sulphuric acid, 1-530 spec. grav.; 
(4) sulphuric acid, 1-635 spec. grav.; (5) nitric acid, 1-180 spec. grav.; 
(0) nitric acid, 1-220 spec. gniv.; (7) nitric acid, 1-330 spec, grav., 
and subsequently caustic .soda, 1 -310 spec. grav.: (8) syrupy phosphoric 
acid ; (9) a mixture of equal volumes of nitric acid, spec. grav. 1-330, 
and sulphuric acid, spec. grav. 1-315; (10) aqua regia, consi.sting of 
25 measures of hydrochloric acid and 1 measure of nitric acid, spec, 
gi’av. 1-330, and subse<picnt treatment with caii.stic soda. Jn some 
text-hooks Crace Calvert's results are presented in a tabular form; for 
reasons stated below the tabic is omitted in this work. 

Hauchecour-Yvelot proposed liydrogen peroxide as a general I’oagent. 

Chateau, in his book On Fats, published very extensive tables, 
purporting to distinguish the oils by systematic ap])]ication of the 
following reagents: («) calcium polysulphide, (5) zinc chloride, (c) 
concentrated sulphuric acid, (d) turning stannic-chloride, (c) syrupy 
phosphoric acid, (/) ])|iosplK)ric acid, (g) mercuj'ic nitrate, with subse- 
([uent addition of sulphuric acid, (h) mercuric nitrate alone. All these 
tests must, on the whole, be considered as having no value; hence 
they arc not recorded here. 

Glaessner (1873) also proposal a systematic e.xamination of oils, 
using as reagents caustic potash, fuming nitric acid, and concentrated 
sulphuric acid. 

In order to avoid the rise of temperature caused by the concentrated 
sulphuric acid (sec “ Maumene test,” p. 178), whereby some char¬ 
acteristic colour reactions become indistinct, or the oil becomes partially 
charred, Finkener diluto.s the oils with carbon bisulphide, when no 
thermal reaction is stated to take place. 

All colour reactions must bo used with the greatest circumspection, 
as small amounts of cholesterol, sitosterol, and, further, minute 
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quantities of resinous or albuminoid substances, or other foreign 
matters, influence the colourations to such an extent that in most 
cases it must remain doubtful whether the reactions are really char¬ 
acteristic of the oils themselves. A notable example of how colour 
•reactions may become misleading is best exemplified by the fact that a 
serious mistake was made in declaring an imperfectly purified tallow as 
adulterated, because it gave with nitric acid a reddish-brown colouration 
whic’h was judged to be due to the presence of cotton seed stearine. 

Colour reactions were formerly resorted to for lack of better methods, 
but have been superseded in the majority of cases by the “ quantitative 
reactions.” It should be borne in mind that many colour reactions 
quoted in older text-books, and perpetuated in even more modern 
treatises, were not always obtained with t 3 q)ical samples, little or no 
regard having been paid to their source, their mode of purification, their 
age, and all that host of circumstances which have a vital influence on 
the colour produced by the reagents. In consequence of progress 
made in the technical preparation of oils and fats, a large number of 
impurities, which were actually the very substances that gave origin 
to the colours supposecl to be characteristic of the oils or fats, have 
ceased to occur in commercial samples. 

A colour reaction can only then bo considered of some value if it be 
]>roduced by a well-defined substance, occurring naturally in an oil or 
fat, and characteristic of it to such an extent that the sample may be 
identified by that reaction. Obviously, these characteristic substances 
which only occur in minute quantities should not be easily removable 
in the course of the usual manufacturing processes. 

As a type of a most valuable reaction of this kind I refer to 
Baudouin's test, originally proposed by Camoin, for sesame oil, which 
has found its scientific explanation and confirmation in the isolation 
of the chromogenetic substance in that oil (cp. Vol. II. Chap. XIV. 
” Sesame Oil ”). But even in this case great care is required to guard 
against errors' that may be caused by similar colour reactions such 
as are given by certain Tunisian olive oils (cp. Vol. II. Chap. XIV. 
‘‘ Olivo Oil ”), and by certain colouring matters which are added to 
margarines (cp. Vol. II. Chap. XIV. ” Sesame Oil,” ” Butter Fat”). 
The colour reaction of cholesterol and its congeners, although highly 
characteristic, requires much more circumspection in its interpretation, 
as other substances also give the same or a very similar colouration. 

Group reagents, such as are used in inorganic analysis, do not exist 
in fat analysis, and every new reagent recommended as such must bo 
received with great suspicion. 

The author 2 fully examined four of the so-callcd group reagents, 
viz. concentrated sulphuric acid, gaseous chlorine, syrupy phosphoric 
acid, and phospho-molybdic acid. The following conclusions were 
drawn:— 

Sulphuric Acid .—This reagent enable^, at best, with a good deal 

1 Cp. also oolour reactions of some ethereal oils, It. Reich, Zeiis. f. Unlers. d. Nakrga' 
u, Oenussm.^ 1908, xvi. 463. 

^ Lewkowitsch, Jonrn. Soc. C/iem. Ind., 1894, 617. 
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of practice, to discriminate between drying, semi-drying, and non¬ 
drying oils, if the acid be applied to the oil direct. Drying oils may 
be recognised by their forming dark clots when two drops of concen¬ 
trated acid are stirred into twenty drops of oil. A discrimination 
between semi-drying and non-drying oils, however, is more difficult, , 
and indeed scarcely possible in every case. 

The better an oil dries, the darker is the colour produced by the acid. 
Judging from the depth of the colour it may be possible to distinguish 
between oils standing at the extreme ends of these classes, such as 
cotton seed oil and olive oil, wliereas, to take an example, it is impossible 
to differentiate, by this test alone, rape oil from cotton seed oil. The 
colour reactions obtained with a solution of an oil in carbon bisulphide 
cannot be said to yield more reliable results, the dilution tending to 
obliterate the otherwise sharp distinction between the eminently drying 
oils and the other oils. 

In the case of liver oils, tlie blue and purple colourations due to 
the presence of cholesterol and colouring principles—lipochromes—- 
are very characteristic ; they are best observed if the oil be previously 
dis.solvcd in carbon bisulphide. The value of this test is, however, 
greatly diminished by the fact that some blubber oils show a similar 
reaction. The author lormerly ascribed this to an accidental adtnixture 
with liver oils, which is very likely to occur on board whaling vessels, 
where all kinds of fatty material obtained during a voyage arc mixed 
together. Thomson and Dunlop, however, observed in tlie case of one 
spe(;iincn of seal oil and of one specimen of povpoi.se oil, both of un¬ 
doubted genuineness, the characteristic colour reaction of liver oils (see 
Vol. II. Chap. XIV. “Liver Oils”); yet the author was unable to 
obtain sucli an exceptional colour reaction with a very large number of 
seal oils the purity of which there was no reason to doubt. It should 
also be borne in mind that with the setting in of rancidity the chromo- 
genetic substances are frequently destroyed. 

Chlorine gas is by no means a group reagent for marine animal oils. 
The black colour which is obtained with chlorine depends entirely on 
the stale of purity and rancidity of the oils. Hence even vegetable 
oils or terrestrial animal oils may furnish stronger colourations than 
pure liver oils. ^ 

Phosphoric acid indicates only impurities that can be eliminated by 
refining, or products of oxidation formed after rancidity has set in. 

Phosplio-molyMic Acid. —Tins reagent was proposed by Wehmns,^ 
and has mot with more attention than the results obtained with it 
deserve. The test is performed as follows :—1 grm. (or 25 drops) of an 
oil or fat is dissolved in 5 c.c. of chloroform in a test-tube, and agitated 
with 2 c.c. of a freshly-prepared solution of phospho-molybdic acid,^ 

■ Journ. Sk. Ohtvi. ind., 1892, .548. 

2 The reagent is prepared by precipitating a .solution of aninioninin molybdate with 
sodium phosplmle, wivsliing the precipitate thoroughly and dissolving it in a warm solu¬ 
tion of sodium carbonate. The .solution is boiled <lown to <lryne.ss and tlie residue 
heated. If the i;p.sidue Womes coloured blue, a<l<l a few drops of nitric acid and heat 
again. Then boil the residue with water, add nitric acid until .strongly acid, and dilute 
so as to obtain a ten per cent solution. Filter if necessary, and keep the reagent pro- 
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or of sodium phospho-molybdate and a few drops of nitric acid. After 
standing for a short time the chloroformic layer becomes colourless, 
whereas the upper layer shows, in the case of a vegetable oil and of cod 
liver oil, according to Welmans, a green colour. On adding ammonia 
, or a fixed alkali a beautiful blue colour appears, the intensity of which 
corresponds to that of the green tint noticed before. Animal fats— 
with the above-mentioned exception of cod liver oil—were stated to 
cause no reduction, and consequently to produce no green with subse¬ 
quent blue colouration. 

The green colour is due, according to Wehmvs,^ to a mixture of 
the yellow reagent with the blue reduction product. If the yellow 
colour be taken away by adding ammonia, blue remains. 

The author’s experiments,^ however, demonstrated that such a dis¬ 
tinction cannot be iqdield. Several kinds of olive oil, as also almond, 
aracliis, and peach oils, showed far less distinct colours than tallow 
oil, and even lard oil. Amongst the large number of oils and fats 
of undoubted genuineness, and belonging to all classes of oils and fats, 

c. xamined by the author, only pure, freshly rendered lard left the 
phosplio-molybdic acid unreduced, so that it remained colourless on 
being su])ersaturated with ammonia, liut a slightly rancid lard 
behaved almost like a vegetable «)il in Welmav.s test. As Wdtnans' 
reaction was prescribed oflicially in Germany (up to 1008) as a test 
for the rapid detection of vegetable oils and fats in animal oils and fats, 
the author wishes to emphasise that this test breaks down completely 
in the case of vegetable oils which have been refined with sulphuric acid. 
Vegetable oils arc also apt to lose in course of time the property of 
giving the Welmans reaction. This is, of course, due to the chromo- 
genetic substance in the oils becoming changed under the influence of 
light. Moreover, mineral oils and rosin oils give deep colourations. 
The phospho-molybdic acid test can, therefore, at best only rank 
amongst preliminary tests. 

BelUer's reagent is now prescribed oflicially in Germany, in place 
of Welmans', for the detection of vegetable oils in lard. According to 
the oflicial directions .‘5 c.c. of (melted and filtered) lard are shaken 
vigorously, at a temperature not exceeding 35° C., with 5 c.c. of colour¬ 
less nitric acid of specific gravity of l-l and 5 c.c. of a saturated solution 
of resorcinol in benzene in a thick-walled glass-stoppered test-tube for 
5 seconds. If during the shaking or within 5 seconds after the shaking 
a red, or violet, or green colour appears, the presence of vegetable 
oils is assumed. If after the lapse of 5 seconds the colour appears, 
it is disregarded. It is obvious that any reducing substance present 
will produce a colour owing to a reducing action taking place and need 
not necessarily indicate a vegetable oil. Thus J. Royer ^ has shown 

tected from dust. A mo<lifioation of th«- Wt-liiiaiis’ reagent is Serger’s reagent (0*1 grin, 
of sodium molylvlate <lissolved in 10 c.c. of concentrated sulphuric acid); cp. Ulz, Chem. 
Revue, 1912, 128. . 

* Zeidt. f. offenll. Chein. 6, 127. 

* Lewkowitscb, Journ. Stic. Chem. Ind., 1894, 1619. 

® Annul, des h'alsific., 1910, 380 ; cp. also A. Olig and E. llrust, Zeila. /. Unlers. 

d. yahrgt- u. (Jetnussm., 1909, xvii. 501. 
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that while cold pressed poppy seed oil doe.s not give a colouration 
with Bellier's reagent, the “second,” hot pressed oil gives a distinct 
colouration. 

Unfortunately the tendency to ascribe decisive importance to 
colour reactions has been on the increase during recent years, and 
a very large number of papers Iiave been published attempting to 
attribute an entirely unwarranted meaning to colour reactions.^ Thus, 
to give an example, the Liebermann-Slorch reaction (see p. 610) and a 
reaction with trichloroacetic acid have been interpreted to point t(j the 
occurrence of cholesterol in crude petroleums,^ in beeswax, etc., without 
any further facts being adduced to substantiate such far-reacliing 
conclusions. Latterly llalphen ® attempted to base a classification of 
oils and fats on colour reactions. 

In tlic opinion of the author all these endeavours, if hastily ex¬ 
panded into generalisations, witliout carefully considering all ])ossible 
cau.ses that may defeat the colour tests (su(;li as traces of decolourising 
agents left in the oils and fats), must lead to failure and confusion ; 
hence a full digest of, or even full reference * to these paper.s is omitted 
here. 

Those (colour reactions whic^h have been useful in special ca.ses for 
the identification of an oil or for the detection of an adulterant will be 
exhaustively dealt with in Volume II. Chapter XIV. when treating 
of tlio di.stinctive propei’tics of the individual natural oils and fats. 
It may, therefore, suflicc here lo enumerate tliem briefly : 

(1) Bmidouins {Camoin's) test for sesame oil (see Vol. II. “ Sesame 
Oil ”). 

(2) Halpheiis colour test for cotton seed oil, kapok oil, and baobal) 
oil (see Vol. II. “ Cotton Seed Oil ”). 

(3) Becchi’s colour test for cotton seed oil; although less reliable 
than Halphen's test, it is .still largely used in Franco and Italy (.see 
Vol. II. “ Cotton Seed Oil ”). 

(4) Nitric Acid test for cotton seed oil (.see Vol. II. Chap. XIV. 
“ Cotton Seed Oil ”). 

(5) Sulphuric- Acid test for liver oils (see Vol. II. Cliap. XIV. 
“ Liver Oils ”). 

(6) Liebernuinu-Starch test for rosin, see Chap. X. 

It must, however, be emphasized again that even these colour 
reactions depend on the presence of foreign substances, and that with 
their removal or chemical change in their compo.sition the colour 
reactions cease to be operative. Thus, when cod liver oil and cotton 
seed oil, to take the two most prominent oils containing characteristic 
chromogenetic substances, are subjected to the catalytic process of 

* Cp. Til. Merl, Ztils. f. Uiiters, d. Xiihr</S‘ u. Oenusm,, 1908, xv. 529. 

8 Cp. Vol. III. Chap. XVI. 

8 AUi del VI. Comjres. hileniazioiale, 1907, vol. v. p. 630. 

■* Colour tfsts aro oven Iwiug propoaed for the qunlitativo detection of mineral oil 
(F. Schulz, CheM. Zeil., 1908, O'JS ; cp. Charitschkoir, C’Am. Revue, 1908, 315). 
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hydrogenation (see Chap. I. p. 69, Vol. III. Chap. XV. “ Hydrogenised 
Fats ”), tlie treated products no longer exhibit the characteristic 
colour reactions mentioned above. 

Hydrogenised sesame oil heliaves somewhat capriciously in the 
colour test, some specimens retaining the chromogcnctic substance 
unchanged, wliereas others no longer give the Baudouin reaction. 



CHAPTER Vin 


EXAMINATION OP MIXED FATTY ACIDS 

If tlie quantitative and qualitative reactions described in the two 
preceding chapters liave not led to siillicieiit information, and hence 
it becomes desirable to gain further insight into the composition of the 
individual esters—glyceiides in tlio case of oils and fats, or esters 
of monoliydric alcohols in the case of waxes—the necessity arises to 
examine the mixed falti/ acids, 'i’hc problem is somewhat simpler 
in tlic case of glycerides than where waxes are concuj'ned, as the basic 
constituent of all the glycerides—glycerol—can be easily removed 
after saponification has been cairied out. A complication arises if 
wc have to take into act-cunt a notable amount of soluble fatty acids, 
the presence of which is indicated by a high saponillcation value 
(exceeding 200) and a high Heicherl-Meissl value (exceeding 2) of the 
sample. Such a case will be specially considered under Section B of 
this chapter. 

The mixed insolubh fatty acids of fats and waxc.s are prepared 
according to the directions given (Chap. 111. p. 110). Oils and fats 
contain small amounts of unsaponitiablc matter, as has been explained 
already (cp. also below, p. 581). If the unsaponitiablc matter does 
not exceed 0*5 per cent or, at most, 1 per cent, it may, as a rule, be 
neglected ; otherwise the unsaponitiablo matter must be separated 
from the soap solution before the fatty acids ai-e i.solated. 

This is imperative in the case of waxes, tlie alcoliolic constituents 
of which form about 50 per cent of the total mass. 

The separation of the unsapouifiable substances from the fatty 
acids is effected in the manner described in Chapter VI. under 
“ Unsaponihabic Matter.” 

In the following sections an attempt is made to describe, in a 
systematic manner, the methods applicable to the examination of the 
isolated fatty acids, following, as far as possible, the order adopted 
in Chapters V. and VI. On the whole, tlic physical methods of examina¬ 
tion alTord similar information to that obtained in the case of the fats 
and waxes themselves; still, in some special cases additional indications 
are furnished which may be of great assistance in the examination. 
Most of the chemical methods admit of the (juautitative or, at least, 
approximate estimation of the several constituents. 

499 
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A. PHYSICAL METHODS 
Specific Gravity 

The specific p’avity of the mixed fatty acids hardly affords more 
detailed information than is obtained by the examination of the corre¬ 
sponding oils and fats tlicmselves. It is, therefore, considered nn- 
iieeessary to collate in a table the published s])ecific gravities of the 
mixed fatty acids. The numbers will be found in tlic tables of physical 
and chemical characteristics of the fatty acids of the oils and fats 
described in Vol. II. Chap. XIV. 


Melting-.and Solidifying Points 

The poiuls of fatty acids are much more charac^teristic 

tlian those of the corresponding oils and fats; nevertheless, they do 
not afford information of such discriminative value as is obtained by 
the determination of the solidifying point. Hence it is not considered 
necessary to collate in a table the melting ])oints of the tnixed fatty 
acids, and the reader is referred to tlie detailed indications given for 
each individual product in Vol. II. Chap. XIV. iiiidor the lieadings 
“ Physical and Chemical Characteristics of the Insoluble Patty Acids.” 

The determination of tlic melting point is usually curried out in a 
capilhary tube (Chap. V.). In the case of high melting fatty acids, such 
as tetrabromides, hexabromides, and octobromides of the fatty acids, 
it is convenient to insert the capillary tube (fastened to the thermo¬ 
meter in a suitable manner) in a small distilling flask, half filled with 
concentrated sulphuric acid or glycerin. Any vapours distilling over 
can be condensed and collected. 

Much more characteristic than the melting point is tlic solidifyiiig 
point of the fatty acid.s. If observed under strictly comparable condi¬ 
tions, valuable information of a discriminative nature can thus be 
obtained even on using the mixed fatty acids as they result on saponi¬ 
fication, or, if need be, after elimination of tjie unsaponifiablc matter. 

Dalican proposed a method for the determination of the solidifying 
point of the insoluble mixed fatty acids, which has been adopted in 
this country, in the United States, and in France for the commercial 
examination and valuation of fats. It i.s known under the name of 
” Titer Test,” and gives, as the author can testify from his own experi¬ 
ence, reliable and, as sliown by repeated observations, constant results, 
provided the test be made carefully, according to the following details. 
(The number ascertained as the solidifying point is not a physical 
constant, as it depends on the rate of cooling of a definite quantity 
examined under certain conditions.) 50 grins, of the fat under examina¬ 
tion are saponified (cp. p. 109), the separated fatty acids are freed from 
water and finally filtered through a dry plaited filter into a small 
porcelain dish. The fatty acids are allowed to solidify and to stand 
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over night under a desiccator. The fatty substance is carefully melted 
in tin air-bath or over a free flame, and as much of it is poured into a 
test-tube, 10 cm. long and 3-5 cm. wide, as will fill the tube more than 
half full. The tube is then fastened by means of a cork into a wide- 
mouthed bottle, 10 cm. wide and 13 cm. high, and an accurate thermo- 
rhetor (graduated in tenths of degrees from about -5° C. to 60'^ C., 
having a mercury bulb about 3 cm. long and 0 mm. in diameter, and 
carefully standardise<l with the aid of a “normal thermometer”) is 
inserted in the fatty acids, so tliat the bulb is in tlie centre of the mass. 
When a few crystals appear at the bottom of the tube, the mass is 
stin’cd by giving the thei’inometer a rotary movement, first three times 
from right to left, and then three times from left to right. Next stir 
continually, with a cjiih'k circular movement of the thermometer, 
without allowing it to touch the sides of the vessel, and taking care that 
all solidilied portions, as they form, arc well stirred into the mass until 
the latter has become cloudy throughout. The thermometer should 
now be ol)served carefully. A good plan is to write down the tempera¬ 
ture at short intervals. At first the mercury will continue to fall, 
or at least remain stationary, tiien it will rise suddenly some tenths of a 
degree and reach a maximum, remuining stationar) thereat for some 
little time before it falls again. This point is called tlie “titer” or 
solidifying: point of the mixed fatty acids. In the case of dark 
coloured fals it may be iirnossi])le to observe the separation of ci ystallinc; 
matter. In such cases it is best to make a preliminary experiment 
which affords the ncce.ssary guidance for the final observation. 

Finkener^ does not consider this a satisfactory metJiod, wliorcas, 
in the opinion of the autlior, as stated already, it 
forms a reliable basis for tlie commercial valuation 
of solid fats, provided the fatty acids have been dried 
in the manner described. Finkcncr uses larger 
quantities in small globular flasks of about 50 mm. 
diameter; in order to prevent lapiil cooling he places 
the vessel filled with the melted acids in a wooden 
box ^ (Fig. 41). (The same apparatus is also recom¬ 
mended by him for the detormiuation of the 
solidifying points of commercial tallows.) The 
solidifying points found by Fiiikener are higher 
than those obtained by Dalican. Fuikeners 
apparatu.s has been adopted by the German Custom 
House officials. 

Higher solidifying points—-by 0-2'’ to 0-3° C.— 
arc obtained when the fatty acids are previously 
heated for two hours at 100“^ C., a procedure pro¬ 
posed by Wolfbauer.^ His method has been 
adopted in Austria for the determination of the 
“ titer ” of tallow and palm oil, and it is therefore 
described in full, although it suffers somewhat fi'om over-elaboration. 

1 Journ. Sue. Ckem. hid., 1889, 424. '■* Ibid., 1890. 1071. 

^ Ibid., 1894, 181, 908. 
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120 grms. of fat are melted in a beaker at a temperature slightly 
above the melting point, mixed with 45 c.c. of a caustic potash solution 
(1250 grms. of caustic potash in one litre of water), and stirred until 
the fat is completely emulsified. It is then covered and kept at 100° C. 
for two hours, with occasional stirring. A small portion is then tested 
by warming with 50 per cent alcohol—to ascertain whether saponifica¬ 
tion is complete ; a clear solution should result. The soap is then decom¬ 
posed by boiling with 1G5 c.c. of dilute sulphuric acid, specific gravity 
1'1-12, preferably in a silver dish, until the free fatty acids rise to the 
top as a clear oily layer. The silver dish is covered with a flat dish 
filled with cold water, to check evaporation. The a(jueous solution is 
completely drawn off, and the fatty acids are washed by boiling for 
one-quarter of an hour with dilute sulplniric acid (5 c.c. of concentrated 
sulphuric acid and 100 c.c. of water). After allowing to settle and 
removing the dilute aedd, the fatty acids are boiled with 100 c.c. of 
distilled water, and washed until the wash-Tvaters arc no longer acid. 
The fatty acids arc then dried in an open dish at 100° C. for two 
hours. 

In the determination proper, the following apparatus is emydoyed : 
a thin-walled test-tube, 3-5' cm. by 15 cm., is fixed in a suitable bottle 
by means of a cork. A centigrade thermometer, extending from 1° to 
60° C., and graduated in fifths of a degree, is fixed in the test-tube by 
means of a cork, which must be snfliciently loose to permit of easy 
stirring of the contents of the tube with the tliermometor. As the 
thermometer should be as short as possible, its scale is shortened by an 
enlargement blown in the bore of the capillary somewhere between 
2° and 28° C. The amount of mercury ahoi'e the surface of the fatty 
acid is thus diminished, and an appreciable error is said to be thereby 
avoided. The test-tube is then filled to within 1 cm., or 1-5 cm., of 
the top with the melted fatty acids, the thermometer is immersed in 
the liquid to about the 35° mark (when the instrument should clear the 
bottom of the tube by about 4 cm. or 5 cm.), and the litpiid is stirred 
until it becomes quite opaque, and partial solidification sets in. Care 
should be taken at this point that the thermometer be not more deeply 
immersed than before, and after stirring rapidly in a circle ten more 
times, the temperature is observed. The mercury now begins to 
rise; the highest temperature noted is taken as the solidifying 
point. 

The reading of the thermometer should be corrected for its inherent 
errors by comparison with a standard instrument. Its zero point 
should also be redetermined from time to time. Each determination 
should be repeated, and the difference between the duplicate ex¬ 
periments should not exceed 0'1° C.; as a rule, it will not exceed 
0-05° C.2 

For reasons explained above it might appear doubtful whether 
Wolfbauer^s higher values are duo to removal of the last traces of 

* In a narrower tnl>c, about cm. in diameter, tlic solidifying juniit was lound to 
be lower by O C. » 

® For (iarriyuen' “methotl” cp. Jonru. Soc. iJhem. hid,, 1895, 280. 
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Adhering moisture, or to such slight changes of the fatty acids as occur 
whilst drying. This doubt has been removed by the fact that Skukqff 
obtained practically the same numbers by a method in which heating- 
of the fatty acids is avoided (see below). 

The Association of Olhcial Agricultural Chemists in the United 
States of America have examined the various modifications of Dalican's 
test, proposed by Finkener, Wolfhauer, Boyce, We.nson, and others, and 
the report on the co-operative work lias been published by L. M. 
Tolmin in Circular No. 22 of the United States Department of Agri¬ 
culture, Dureau of Chemistry. The following lines give an abbreviated 
description of the modus operandi recommended : — 

Saponify 75 grins, of fat in a metal dish with 60 c.c. of 30 per cent 
(36° Be.) sodium hydroxide solution and 75 c.c. of 95 per cent (by vol.) 
alcohol and 120 c.c. of water. Boil to dryness, with constant stirring to 
prevent burning or scorching, over a very low flame, or over an iron or 
asbestos plate. Dissolve the dry soap in a liter of boiling water, and 
if al(!ohol has been used, boil for forty minutes in order to remove it, 
adding suHicient water to replace that lost in boiling. Add 100 c.c. 
of 30 per cent sulphuric acid (25° Be.) to free the fatty acids, and 
boil until they form a clear, transparent layer. Wash with boiling 
water until free from sulphuric acid, collect in a small beaker, and 
place on the steam-bath until the water has settled and the fatty acids 
ai'e clear ; then decant them into a dry beaker, Alter, using a hot-water 
funnel, and dry twenty minutes at 100° C. When dried, cool the 
fatty acids to 15° or 20° C. above the expected titer and transfer to a 
test-tube, which is 25 mm. in diameter and 1(X) mm. in length (I by 4 
inches) and made of glass about 1 mm. in thickness. Place in a 1 G-ounco 
‘‘ saltmouth ” bottle of clear glass, about 70 mm. in diamet<!r and 150 
mm. high (2*8 by 6 inches), fitted with a cork, which is perforated so 
as to hold the tube rigidly when in position. Suspend a thermometer ^ 
graduated to 0-10° C., so that it can be used as a stirrer, and stir the 
mass slowly until tho mercury remains stationary for thirty seconds. 
Then allow tho tiicrmomctcr to hang quietly, with the bulb in the centre 
of the mass, and ob.serve the rise of the mercury. The highest point 
to which it rises is recorded as the titer of the fatty acids. 

Tho following conclusioms were drawn by the Keporter of tho 
Association :—The method of preparing the fatty acids has no influence 
on tho results. The fatty acids shoidd be dry; it is recommended to 
Alter tho fatty acids and to heat them for twenty minutes at 100° C. 
The varying results obtained by various chemists are chiefly duo to 
differences in methods of stirring tho fatty acids during the test. 

* The ollicial American Uirectioiis >(ive tho following elaborate description of the 
thcrniometer to bo used:—“Tho thermometer must bo grailuatnd in tenth degrees 
from 10° to 20°, with a zero mark, and have an auxiliary reservoir at the upper end, also 
one between the zero mark and the 10° mark. The cavity in the capillary tube Wtwceii 
tho zero mark and tho 10° mark mu.st be at least 1 cm. below the 10° m.ark, the 10° mark 
to be about 3 or 4 cm. above tlic bulli, the length of tho thermometer being about 15 
inches over all. Tho thorniomoter is annealed for 75 hours at C., and the bulb is 
of Jena normal 16"* gliws, moderately thin, so that tho thermometer will be (piick-acting. 
The bull) is ahoiit 3 cm. long and (5 mm. in diameter. The .stem of the thermometer Ls 
6 mm. iu diameter .and made of tho best thermometer gla-ss." 



504 


EXAMINATION OF MIXED FATTY ACIDS 


CHAP. 


Skukqff at first proposed to determine the “ titer test ” in a tube 
3 cm. in diameter, surrounded by a Dewar vacuum mantle, the outer 
diameter of which is 5 cm. and the height 10 cm. The fatty acids are 
poured into the inner tube, which is then closed by a cork fitted with a 
delicate thermometer. About 5° C. above the expected “ titer,” the 
vessel is agitated in an up-and-downward direction somewhat energetic¬ 
ally, until the contents have become distinctly turbid. The observation 
is then made in the manner described al)ove. Later on Shukoff^ 
showed tliat the vacuum mantle can be dispensed with, since equally 
good, results arc obtained, if a tube of to 3 cm. diameter is fitted with 
a thermometer, and then fixed by means of a cork in a wide-mouthed 
bottle. The results so found are stated to be in close agreement with 
the numbers obtained by Wolfbauer's procedure. 

It is obvious that by varying the conditions under which the ” titer 
test ” is taken different results will be obtained. Hence there does 
not appear to be so much need for working out a new method as for 
agreeing on a certain modus operandi, and adhering to it strictly. 
Dalican's method, with the modifications as described by the author 
(p. 501), has proved itself reliable in the author’s own experience, 
extending over a great number of years; even different observers 
in the author’s laboratory do not obtain greater variations than about 
0-1° C. This is (piite satisfactory in consideration of the fact that in 
commercial contracts a stipulated allowance comes into force only if a 
divergence of more than ()-2° 0. from the guaranteed figure is observed. 
As DaUcan's method has been made the basis of commercial transactions 
in this country, the United States, and France, new y)roposuls for 
determining the “ titer,” however acceptable they may appear, have 
little chance of superseding the established method. 

In view of the commercial importance of the correct determination 
of the ” titer test,” the question of a uniform method was laid before a 
Committee of the VIIth International Congress of Applied Chemistry, 
London (the author acting as president and reporter). Fravh Tale 
described the apparatus used by him for the commercial determination 
of the ” titer test.” This apparatus is shown in Fig. 42, and was 
accompanied by the following description :— 

а. A clear glass cylindrical vcs.sel having an inside mea.surcment 
0 cm. liigh and 2-75 cm. diameter, and sides about 0*.30 cm. thick, 
sliglitly rounded at the bottom, and provided at the top with a glass 
lip or ebonite flange. 

б. An outer vessel of clear glass (13 cm. deep and 10 cm. wide), 
for the protection of the inner cylinder from draughts, etc. 

c. An ebonite or wooden cover (not metal or other good conductor 
of heat), with a hole in the centre and slightly depressed flange on 
which to hang the flange of the inner cylinder. 

d. Two small pins to keep the cylinder in position. 

e. An accurate thermometer graduated from about - 5® C. to about 


Chem. Zeit., 1901, 99. 
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70 C. in of a degree. The size of the bulb to be as nearly as possible 
^•5 cm. in length and 0-60 cm. in diameter. 

/. An upright pillar provided with : 

(f. An arm from which to suspend the tfiermometcr, and fastened 
into: • 

h. A stout base or stand of wood, hollowed slightly to reccivi! the 
larger glass ve.sscl and keep it in position. 



^ l^or the convenience of raising the apparatus, if necessary, so as to 
bring the top of the mercury in the thermometer on a level with the eye, 
the apparatus may, if required, have the wooden stand attached to a 
sliding tube {i) fixed over the upright rod and movable by the screw (j). 
In this case there will be re(piired a further foot (k) to support the 
whole. 

The Committee agreed, since brokers, merchants, and others find 
it necessary for commercial purposes (such as tendering for sale, the 
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removal of goods from quay, shipping, etc.) to have the “ titer test ” 
reported as quickly as possible, that in urgent cases the authorhs direc¬ 
tion, viz. to allow the fatty acids to solidify and to stand over-night 
under a desiccator (see p. 601) need not he insisted upon, e.specially so, 
as Frank Tate urged that in his own experience no difference in results 
was obtained. Inasmuch as the author had found, not infrequently, 
tliat lower results were obtained when tlie fatty .acids were tested 
immediately after they had been liberated, an experience which is 
confirmed also by other observers, the compromise arrived at by the 
decision of the Committee should be u.sed in cases of urgency only. 

The following table gives a list of '' titer te-sts ” collated from a 
very targe number of observations made by the .author :— 


Titer Tests of Mixed Fathj Acids (Lewkmoitse.h) 


CIhss of Oil. 

Kind of Oil. 

Tiler Test. 

•u. 

liO-d 

37-2 

10 -(> 

16 

21 ‘2 

16-2 


1 ) 17 ) 11,4 oils. 

Tiinseed . . . • 

Tung. 

Hemp .seed .... 
SaHlowcr .... 

Soya bean .... 
Voppy seed .... 

Seuii-diyin*; oils. 

Cotton seed 

Maize . . . • 

SesanitJ .... 

Croton .... 

Curcas .... 

Rape .... 

:52-0 

3r.-2 

19-0 

23-8 

19-0 

2S-6 

13-6 

I.owest 

Iliglic-st 

Non-diyiiig oils . 

Peach kt'i iK'l 

13-5 



Almond . . . • 

11-8 



Arachis .... 

29 -2 



Koenu; .... 

38-8 



Olive .... 

17-2 

Tvowpst 



26-4 

Highest 


Bern . ■ 

37-8 


Marine uiiinial oils 

Japanese sardine . , . 

28-2 



Cod liver .... 

13-0 

Lowest 



24-3 

Highest 


Seal . 

15-9 



■\Vhalo .... 

23-9 


Terrestrial animal oils. 

Sheeji’s foot 

21-1 



Horses’ foot 

28-6 



Neat’s font 

26*5 



[Table 
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Titei' Tests of Miml Fnliy Acids (Lew/cuwitscli)—continued 


Class of Kut or Wav. 

Kimi of l''at or Wax. 

Titer Test. 
“C. 

Remarks. 

Vegetable fats . 

Ohaulinoogra oil . 

no -6 



Poiigain oil . 

•11-4 



Laurel oil ... . 

15-1 



Carapa oil . 

U-9 



Margo.sa oil . 

42-0 



Niaiii fat ... . 

42';') 



Mowrali seed oil . 

40-3 



Palm oil, liuiiiiy . 

3.0-0 



,, i'assaiii . 

3S-17 



„ Lagos . 

43-02.0 



„ Old Calabar . 

ll-b 



,, Salt Pond 

44-47.5 



„ New Calabar . 

45-55 



,, Congo . 

45-05 



Macassar oil .... 

51-5 

Imwcst 


») 1 . • • • • 

5.3-2 

Highest 


Sawarri fat . 

•17 0 



Niitnifg ImUer . 

35-05 



Sliea butter .... 

53-8 



Ca<;iU) butter.... 




Cliiiiese vegetable tallow^ 

1.5-2 

r.oa'cst 


,, ,, „ 

53-1 

Highest 


Palm nut oil. 

20-5 

Lowest 


Cocoa nut oil, commercial 

2 .') -5 

Highest 


2-i-5.> 

Lowe.st 


„ 

25-2 

Highest 


,, Cocliin . 

25-2 



.Tiipaii wax .... 

50-4 


Animal fats . 

Horse fat .... 

33-7 



lloi-so marrow fat . , 

38-55 



Lanl. 

42-0 



Poof Uillow, Knglisli 

38-7 

Lowest 


„ „ North American 

45-1 

Highest 


41-1 

Lowest 


,t ft ■‘^“Utli American 

44-15 

Highest 


42-05 

Lowest 


• ,, ,, Australian. 

46-25 

Highest 


38-3 

Lowest 


Mutton tallow, Engli.sh. 

43*3 

Highest 


41-5 

Lowe.st 


,, „ Australian 

48-3 

Highest 


42-35 

Lowest 



48-05 

Highest 


,, „ New Zealand. 

45-9 

Lowe.st 


>1 >> »> >1 

48-0 

Highest 


Beef marrow .... 

38-0 


Liquid waxes 

S[)eriu oil ... . 

11-9 



Arctic sperm oil . 

8-6 



Coinniercial. 
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Refractive Index 

The refractive indices of the mixed fatty acids supply no further 
information than is furnished by examining tlie oils and fats from which 
they have been derived, as all the differences observed in the refracto- 
meter can only depend on differences in the composition of the fatty 
acids. It has become customary of late, owing to the rapidity with 
which an observation is made, to record also the refractive indices of 
tlie fatty acids. The numbers so obtained are not collated here, as 
they will be found in Vol. II. Chap. XIV. in the tables of Physical 
ami Chemical Characteristics.” 

The following table may, however, be useful, as the refractive indices 
of the mixed fatty acids ^ are recorded side by side with the numbers 
observed for tlie corresponding oils and fats. There arc also added a 
few isolated observations of butyro-refractometer numbers of liquid 
fatty acids {Bonier). 


Eefraciivc Indices of Faftij Adds 


Kitul of Oil. 

Tlrfraclivo Iiiilox at 00° C. 

lliityro-rcrnictoim'ler 
“ Degrees " at dO’ U. 

of thflOil. 

of the Mixed Fatty 
Acids. 

of the Fatly 

Aeiiis. 

I.iijscixl 

. 

1-4660 

1-4.646 


Popjty seed . 


l-4r.86 

1-4506 


Sunilower . 


1-1611 

1 -4.631 


Cotton seed 


1 -4.670 

1*4460 

51*4.54*7 

Sesame 


1-4,661 

1*4461 


Ra|K> (enide) 


1*4667 

1-4191 


Castor. 


1*4636 

1*4546 


Almond , 


1*455.6 

1*4461 


Aracliia 


1*4545 

1*4461 


Olive . 


1*4548 

1*4410 

42-7 

Cod liver . 


1-4621 

1*4521 


Palm . 


1-4.610 

1*4441 


Cacao Imttcr 


1*4406 

1*4420 


Palm nnt . 


1*4431 

1-4310 


Cocoa nut . 


1*4431 

1-4295 


I>ard . 


1*4410 

l*439p 


,, (European). 




42*8'44-2 

,, (American). 




43*1-44-7 

Tallow (ileef) 


1*4539 

1-4375 


,, (Mutton). 


1*1510 

1*4374 


Butter 


1-445-1-448 

1-437-1-439 



W. B. Smith ^ endeavoured to calculate a factor for the conversion 
of the refractive index of oils and fats into that of their fatty acids. 
In view of the differences of natural oils and fats of one and the same 
species such factors must be more or less arbitrary. 

With regard to the refractive indices of pure fatty acids and their 
glycerides, cp. also Vol. II. Chap. XIV. “ Butter Fat.” “ Lard.” 

' Thonier, Journ. Soc, C'hffni. Irul., 43. 

Joum. Ind. Eng. Chem., 1912, 36. 
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' Rotatory Power 

The optical rotation of fatty acids furnishea more valuable informa¬ 
tion than is obtained by examining the corresponding oils and fats 
polarimetrically, as the separation of admixed unsaponifiable matter 
from the isolated fatty acids permits to eliminate tliose adventitious 
substances which impart a sliglit rotation to many oils and fats. Thus 
the sesame oil fatty acids, if freed fi'oiii the (sitosterol and) s(;samin, 
would exiubit no optical activity, as sesame oil itself owes its optical 
activity to non-glyceridic substances. Should the optical activity of 
a glyceride be due to an asymmetric arrangement of the acid radicles 
in tlie molecule, the absence of optical activity in the mixed fatty acids 
would confirm in an unmistakable manner the view that one of the two 
anti[)odes of a racemic compound had been under observation. 

In tho.se cases, however, in which the optical activity is due to the 
configuration of tlie fatty acid molecule itself, the fatty acids, fn^ed 
from foreign substances, would exhibit distinct optical rotation. Under 
this head fall ricinolcic acid, liydnocarpic acid, and chaulmoogric acid. 

The following observations on the mixed fatty acids may be re¬ 
corded :— 


MixtKl Fatty Acids of 

Uplical Uotalion. 

Chaulnioogrii 

-t-r)2-G‘^ 

Hydnooarpu.s oil 

+ (>0-4'^ 

Tjukrabo oil 


Oriooba oiU 

-i 


It is probable that tlie mixed fatty acids of stillingia oil also c.xhibit 
optical activity (cp. Vol. II. Chap. XIV'. “ Stillingia Oil ”). The fatty 
acids of rum]) gland wax are also stated to be optically active (see Vol. II. 
Chap. XIV. Kump Gland Wax ”). 

Solubility 

The mixed fatty acids of tlie majority of oils and fats are easily 
soluble in tlie usual organic solvents, and in addition tliereto in absolute 
alcohol —in contradistinction to tlie oils (except castor oil) and fats 
themselves. The fatty acids of castor oil form an exception with 
remrd to petroleum ether, inasmuch as tlicy arc insoluble in large 
quantities of the solvent, although they are miscible with an ecjual 
volume of petroleum ether. The fatty acids which form water soluble 
barium and magnesium salts (such as the volatile acids from butter fat 
and from cocoa nut oil and palm-kernel oil) can be resolved by petroleum 
ether into two fractions, soluble in petroleum ether and insoluble in 
petroleum ether ^ respectively. 

The lower fatty acids (butyric, caproic, caprylic) being soluble m 
water (see Chap. Ill p. 110) are to the greatest part removed in the 

* Proc. Chei». Soc., 1913, 197. 

2 Cp. K. Ewers, Zeits. f. UiUers. d. Mifirgs- u. Gennsm., 1910, xix. 529. 
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preparation of the mixed fatty acids from natural oils and fats (see 
Chap. III. p. 110). 

The insoluble fatty acids from different oils and fats differ as regards 
solubility in alcohol. This may be gathered from the numbers recorded 
in the following tabic :— 


Solubility of Mixed Fatly Adds in Absolute Alcohol 




Fatty Acids from 




atO’a 

at 10’C. 


Grma. 

Gma. 

Mutton tallow .... 

2-48 

6-02 

Beef tallow .... 

2-61 

6-05 

Veal tallow .... 

6-00 

13-78 

Lard. 

6-63 

11-23 

Butter fat ... . 

10-61 

24-81 


The differences in solubility are, however, not so pronounced that 
rules can be derived for the discrimination of various oils and fats. In 
some cases the different solubilities of fatty acids in dilute alcohol ^ 
may serve as a guide (cp. “ Separation and Determination of Individual 
Saturated Fatty Acids,” p. 652). The same strictures would apply to 
the employment of a mixture of alcohol and ether.^ 

The different solubility of the higher fatty acids in organic solvents, 
as compared with that (of the acids of low molecular weight and) of 
liquid fatty acids, respectively, affords means for the approximate 
separation of the several constituents of mixed fatty acids. This 
principle is made use of to isolate by means of alcohol at the ordinary 
temperature some high melting acids, s»ich as arachidic acid (sec below), 
and at very low temperatures to separate erucic acid from liquid fatty 
acids associated with it in rape oil. 

The higher saturated fatty acids are more sparingly soluble in 
pelrolewn ether than the corresponding unsaturated acids, and require a 
higher temperature than the ordinary one for com])lete dissolution. On 
cooling, the higher saturated fatty acids separate out to some extent. 

Fachini and Dorta^ endeavoured to found on this behaviour a 
method of separating solid from liquid fatty acids (see p. 650) by 
working at temperatures of - 40 to - 45*^ C. 

The solid saturated fatty acids are also more sparingly soluble in 
dry acetone than the unsaturated fatty acids having the same number of 
carbon atoms. 

Hydroxylated acids, as a general rule, are insoluble in petroleum 
ether (see p. 579). Oxidised acids (p. 580) are likewise insoluble in 
petroleum ether, and may thereby be separated from tlie ordinary 

^ Cp. Vandam, Amud. dt PharDi. de Lo/fcam, 1901, 201 ; Analyst, 1901, 320 ; 
H. S. Shrewsbury and A. W. Knapp, Analyst, 1910, 386. 

Dk'terich, Flutrm. (Jentralh., 1896, No. 39. 

^ L'lndiislria Saponimi, 1910, 201. 
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fatty acids. Tlxis procedure doea not lead to satisfactory results in 
the case of a mixture of hydi’oxylated fatty acids, such as ricinoleic 
acid, with oleic acid (see p. 570). The principle of treatinj^ mixed 
fatty acids with a saturated solution of one specific acid was first 
introduced as a working? piMxtess by David in the determination of 
stearic acid (see below). 

The fatty acids of the liquid w'axcs behave like the acids of fatty 
oils (castor oil excepted). The fatty acids of the solid waxes, mostly 
representing, as they do, fatty acids of high molecular weight, are 
mucli more .sparingly soluble in ether, petroleum etlier, alcoliol, etc., 
than are the acids of most oils and fats. 


B. CHEMICAL METHODS 

The chemical methods are arraxiged liore in a logical system, so that 
the order of the description may serve at the same time as a guide in 
the technical examination of the mixed fatty acids. Further methods, 
involving a strictly scientific examination, will be described in Oliapter 
XII. Tlte .subject-matter in lliis section will be treated under the 
following headings:— 

1. Neutralisation Value- Mean Molecular AVeight. 

2. Lactonc.s—Anhydrides. 

3. Tn.soIubJe Fatty Acids. 

A. Volatile Fatty Acids. 

5. Sejxaration of Insoluble Saturated from Unsaturafed Fatty Acids. 

C. Separation and Determination of Individual Solid Fatty Acids— 
Erucic Acid—Saturated Fat ty Acids. 

7. Determination of Oleic Acid in the absence of other Unsaturated 

Fatty Acids. 

8. Detection, Separation, and Approximate Determination of Indi¬ 

vidual Liquid Fatty Acids—Oleic, Linolic, Linolenic, Clupano- 
donic. 

0. Hydroxylated Fatty Acids. 

10. Oxidised Fatty AcitB;. 

1. Neutralisation Value—Mean Molecular Weight 

The veulralisaiion value indicates the numher of milligrams of potassium, 
hydrate required to saturate one gram of the mixed fatty acids. 

In the case of oils and fats having saponification values of about 
105 and less, the mixed fatty acids obtained by the process described 
Chap. III. ]>. 110 may, for practical purposes, bo considered as repre¬ 
senting the total fatty acids contained in an oil or fat. 

If, however, the saponification value of the sample exceed 200, 
the presence of considerable amounts of myristic (and) or lauric or of 
soluble acids must be suspected. It is advisable, indeed in most cases 
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imperative, to remove the soluble acids {see below) and examine tlio 
mixed insoluble fatty acids. 

The difficulties and inaccuracies involved in an endeavour to isolate 
the total fatty acids, i.e. both soluble and insoluble together—are such 
that in technical analyses such a metliod would become entirely im¬ 
practicable.^ 

The determination of the neutralisation number is carried out in 
exactly the same manner as is described under the heading “ Acid 
Value ” (Chap. VI. p. 437). As a rule, about 5 gnus, of the substance 
should be taken ; smaller quantities should not be employed (if avoid¬ 
able), as otherwise the errors of the method have too great an influence 
on the result. 

The proposal ^ to weigh off 0*5 gi’am and titrate with decinormal 
potash obviously cannot yield satisfactory results and should be 
rejected: for a simple calculation will show that errors of 0-05 c.c. of 
deci-normul alkali seriously affect the correctness of the result. If 
only quantities smaller than 5 grams are available, then it is imperative 
to titrate with normal or half normal alkali until the point of saturation 
is nearly reached, and finish the titration with decinormal potash. 

From the neutralisation number thus found, the mean nudecular 
weight ® of tlie fatty acids <‘an be calculated as follows :—Let M be 
the molecular weight expressed in grams. Theory requires that M 
grms. be neutralised by 50-1 grams of jmtassium liydrato, KOII. Let n 
be tlie number of grams of potassium hydrate found by experiment to 
neutralise one gram of fatty acids, then we have the proportion 

M:r>(i l;;l:n;hc;ncc, M . . . . (I). 


In order to find n, the number of c.c. of normal KOII found for 
1 grm. of fatty acid must be multiplied by 0-0501. If that number 
be a, then, evidently, we have 

0-0501 .... (2). 


By substituting tins expression in the above e<(uation (1) we obtain 


M 


50 1 1000 

(i 'x 0 0501 ‘ « 


(3). 


In a similar manner the mean molecular weight of the isolated 
soluble acids (see below) can be determined. 

In the following table I give the theoretical molecular weights and 
calculated neutralisation values of pure fatty acids; they will serve 

* Cp. P. yiimnicli, Zeits.J. Unters. d. Nahrgs- u. Gentisaui., 1911, xxi. 38. 

Juckcnuck and Pasteruack, Zeits. f. Unters. d. A’ahrijs- u. Uejimimi., 1906, x. 
99. Cp. W. Arnold, Zeils.f. Unters- d. Nahrys- v. Ge>ius.m,, 191*2, xxiii. 129. 

^ Hie deterniiii.-ition of the molecular weight l)y cryo»copic and ebulUoKcopic tnelbods 
can obviously only be applied in the case of pure acids. 
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as a guide in the proper interpretation of sucli numbers as are obtained 
in the practical examination of the mixed fatty acids of a given oil, fat, 
or wax. 


Nenfralisation Values of Fally Acids 


Aciil. 

I-'oritiula. 

Mi'liiciilar 

Wwisht. 

Nciilralisiilinii 

Valne. 

Marins KOII. 

Acetic. 

CjHA 

60 

935-0 

Butyric. 

CdCOa 

88 

63 7-.5 

Oaproic. 

>2 

116 

483-6 

Caprylic. 


144 

389-6 

Capric. 

C„HjoO,. 

172 

326-2 

T^auric. 

C.oH.xO., 

200 

280-5 

Myrintic. 

C„H,,A 

228 

246-1 

Piiliiiitic. 


256 

219-1 

Stearic. 


284 

197-5 

Oloic. 

c„n:,A 

282 

198-9 

Liiiolic. 


280 

200-4 

Hydjiocarj)ic. 


252 

222-6 

CliaiiJmuogi’ic. 


280 

200-4 

J.inolenic. 


278 

201 -8 

CIupan(»«loiii(r. 


276 

203-2 

Ricinoloic. 


29.8 

188-3 

Arachidic. 


312 

179-8 

(ladoleic. 


310 

181-0 

Eriicic. 

V.AIA 

338 

166-0 

(Vrotic. 

('JhA 

396 

141-7 

M<-]i.ssi<!. 


452 

124-1 

Uydroxystoaric. 


300 

187-0 

Diliyitroxv.stcaric. 


316 

177-6 

Triliydroxystcaric ..... 

c,»n„o. 

332 

169-0 

Sativic. 


348 

161 -2 

Ijinusic. 


.380 

147'6 

Dilivflroxygailitiic. 


341 

163-1 


In the following table tlie author has collated the neutralisation 
numbers and calculated mean molecular weights of the insoluble fatty 
acids of natural oils, fats, and waxes as obtained by the method of 
preparation described in Chapter lU. p. 110. 

The mean molecular weights of the mixed soluble acids of tlioso 
oils and fats which have notable Reichert values will l)e given below. 

For further details, the monographs of Vol II. Chap. XIV. should 
be consulted. 


VOL. I 


[Table 

2 l 
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Oils and Fats 


Oil. 

Class of Oil. 

Drying oils 

Group. 

Nontmlisa- 

tint) 

NuiiiLHjr. 

Mean Molec. 
Weight 

Perilla .... 
Lin.scod 

Tuns .... 
Stillingia 

Wliito acacia 

Kir seed 

Gynocardia . 

Safflower 

Kaya .... 
Ecbinops . . 

Soya bean . 

Popjiy seed . 
i\Ianiliot 

Sunflower 

Yellow acacia 

Para rubber tree .sood . 
Ra.'ipberry wed 
Hawthorn eeed . 
Currant seed 

Blackberry seed . 


1977 

197 

ISSvS 

‘2H-2 

200-1 

19;{ 0 
199-8 

199 

192-81 

192-6 

199 

197-6 

201-6 

199 

191-2 

197-2 

202-9 

211 

1997 

284-0 

284-7 

297-1 

261-9 

280- 4 
290-6 
‘280-8 

281- 9 

290- 9 

291- .5 

281-9 

283-9 

278-2 

280- 9 
293-3 

281- 6 
276-1 
265-9 
280-9 

Clover, red . 

Sonii-drving 

Cotton seed 

198-1 

283-2 

Clover, white 

oils 

oil group 

197-6 

283 -8 

Grape seed . 



187-4 

2!t9-3 

1’iiiiijikin seed 



1'7 

281 -7 

Water melon 



197-1 

284-1 

Maize [corn] . 



198 -4 

282-7 

Persimmon seed . 



1927 

291 -5 

Kapok .... 



]91 

293-7 

Cotton seed . 



20-J.-J08 

277-7-26D-7 

Sesame .... 



200-4 

279-9 

Croton .... 



201 

•279-1 

Zachuri 



200 

278-2 

Tomato seed. 



199-5 

281 -2 

Spindle tree . 



223-6 

250-9 

(Jarden cre.sH. 


Ra|te oil 

193-2 

290-3 

Rape .... 


group 

18.5-0 

303-2 

Black raustar<l seed 



187'! 

300-299-8 

White mnstanl seed 



185-8 

302-301-9 

Radish .seed . 



189-.5 

296 

Jamba .... 



173-9-18.3 9 

322-6-305 
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OUs and Fats—continued 


1 OH or Fat. 

Class of 

Oil or FaL 

Group. 

Nmitralisa* 

tion 

Number. 

Mean Molea 
Weigiit. 

Small fennel 


Non-drvinc 


197-6 

2S3-9 

Clierrv kernel 




189 

296-8 

Apricot kernel 




194 

2S9-1 

Plum kernel. 




200 5 

279-8 

Peach kernel. 




200-9 

279-2 

Almond 




204 

275-0 

Saiifjuinella . 




195-1 

287-5 

Aracliis 




201-6 

278-2 

Rice 




193-9 

289-3 

Tea seed 




195-0 

287-6 

Tstib^iki 




197 

‘284 

basati(|iia 




199-(5 

•281 

Hazel mit , 




200-6 

279-6 

kd'lerherry . 




204-8 

273-9 

Stair tree . 




188-7 

296-5 

Olive . 




200 

280 

Calophylliim 




194 

289-2 

CoH'cio Ixn'ry . 




175 

320-5 

Canari . 




191-201 

278 6 

Castor . , , 



Castor oil 

192-1 

292-0 




group 



ITening 


Marine animal 

Fisl) oils 

192-2 

291-9 

Stickleback , 

• 

oils 


181-5 

309-0 

Cod liver 



Liver oils 

204-207 

275-0-271 0 

Tunn) lish . 




177-0 

316-9 

Seal 



Blubber oils 

193-2 

290-3 

Turtle . 




209-3 

268 

Brown fish . 




207 

271-0 

Chrysalis 


Terrestrial 


199-34 

281-43 

Keg . 


animal oils 


194-9 

287-8 

Neat’s foot . 




203 

276-3 

Chaulmoogra 


Vegetable fat.s 

Cliaulmoogra 

215 

260-9 

Hydnocarpus 



oil group 

214 

262-1 

Lukrabo 




202-5 

277-0 

Nux vomica . 




199-5 

281-2 

Baobab 




197-5 

284-1 

Niam . 




198-1 

283-7 

Njave . 




201-7 

284-6 

Aouara 



Palm oil 

199-1 

281 

Palm . 



group 

205-6 

272-8 

Akoo . 




207-7 

270-1 

Maca.ssar 




191-6 

292-7 

Sawarri 




206-6 

272-8 

Mafura tallow 




194-3 

288-7 
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Oils atul Fats—continued 


Oil or Fat. 

Class of Fat. 

Group. 

Noutnilisa- 

tioii 

Number. 

Mean Mol<!C. 
Weight. 

221-9 

Ochoco.... 


Myristica 

group 

262-8 

Surin . 



Cacao 

196-9 

281-9 

Rambutan tallow . 



butter grou[i 

186-4 

300-9 

Cacao butter. 




190 

295-2 

Chinese vcL'etable Ullow 



182-208 

308-2-‘269-7 

Kokum butter 




198-9 

282-U 

Borneo tallow 




205-5-197-6 

273-284 

Mocaya. 



Cocoa nut 

254 

220-8 

Aouaia kernel 



oil group 

249-1 

225 

Palm nut 




252-264 

211-2-23 

Cocoa nut . 




258-266 

210-217 

CAy-Uay 



Dika fat 

253 

222 

Kusu . 



group 

292-8 

191-6 

.Tajan wax . 




213-7 

262-6 

Myrtle wax . 




230-9 

242-9 

Blackcock 


Animal fats 

Hrnii-drviuL' 

199-3 

281-4 

Lynx . 



fats 

202-7 

276-8 

Marmot 




209-6 

267-7 

Horse . 




202-6 

276-9 

Hare 




209-0 

268-4 

Rabbit (wild) 




209-5 

267-7 

Rabbit (tame) 

• 


Non-drying 

218-1 

257-2 

Horse marrow 



fats 

210-8-217-6 

266-1-257-8 

Goose (domestic) . 




202-4 

277-1 

Goose (wild). 




196-4 

285-6 

Chicken 




200-8 

279-3 

Lard 




201-8 

278-0 

Wild boar . 




203-6 

275-.6 

Dog . 




199-2 

281-6 

Wiki cat 




203-8 

275-2 

Beef marrow 




204-5 

274-3 

Bone . 




200 

280-6 

/Beef tallow 





( 

\ Mutton tallow . 




■(198 

|283-3 

Elk . 




201-4 

278-5 

Roebuck 




200-5 

279-8 

Fallow buck. 




201-4 

278-5 

Stag . 




201-3 

278-6 

butter .... 


Milk fats 

210-220 

267-1-266-0 
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JFaxes 


Wax. 

Class of Wax. 

Group. 

Neiitr.'ilisa- 

lion 

Number. 

Mean MoU‘C. 
WeiRlil. 

Sperm .... 

Liquid Waxes 


199-6-190-8 

281-294 

Wool wax . 

Solid Waxes 

Animal Wa.\ 

171-3 

327-5 


2. Lactones—Anhydrides 

It has been stated already that, as a rule, the amount of unsapoiiifi- 
ablo matter in oils and fats may be neglected in the determination of 
the neutralisation number of the fatty acids. Hence, if the fatty acids, 
instead of being titj'ated with aiiueous alkali in the cold, were boiled 
with an excess of alcoholic j>otash (see Saponification Value,” Chap. 
VI. p. 370), the same number of milligrams of potassium hydrate 
should be found, provided the amount of unsaponifiable matter be 
negligible. In other words, the neutralisation and saponification values 
of fatty acids should be identical. In case, however, the fatty acids 
contain such substances as lactones, or anhydrides of the fatty acids, 
which do not combine with aqueous alkali in tlic cold (and are only 
hydrolysed on boiling with alcoholic potasli) then the saponification 
value of the fatty acids will bo higher than the neutralisation luimhcr 
Tortelli and Fayanii ^ state that this holds good for all fatty acids, with 
the exception r)f stearic acid. Their results are reproduced in tlio 
following table 


> J/Orosi, 1901, 1. 


[Table 
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riiic Fatty Acids. 

j. 

Neutral¬ 

isation 

Value. 

II. 

M olocnlar 
Weight 
calcniated 
from I. 

ill. 

Suponill- 

cation 

Value. 

IV. 

Molficnlar 
Weight 
ciilcul.atcd 
from 111. 

V. 

Differoiice, 

Il-lV. 

Palmitic . . . - 

Stearic .... 

Arachidic .... 
Oleic, fVeslily prepared I'rom 
olive oil . 

Oleic, 2 years old, from beef 

fat. 

Oleic, commercial, several 
years old . 

202-7 
108-7 
108-9 

]09-.^> 

191-0 

181-6 

276-5 

282-3 

312-3 

281-2 

293-8 

3US-2 

218-7 
198-9 
170-1 

201 -4 

202-S 

189-3 

256-4 

2S2-0 

329-8 

278-5 

276-6 

296-5 

20-1 (!!) 
0-3 

12-5 

-2-7 

17-2 

11-7 

Mixed Fatty Acids from 

Linseed oil, fresh 

191-6 

288-2 

201 -8 

277-9 

10-3 

,, „ 3 years old 

191-,') 

292-S 

20.V1 

273-2 

19-6 

Sunllower oil, fresh 

103-4 

290-0 

201-5 

278-4 

11 t) 

,, ,, 2 years old 

Nut oil, fresh 

l!M-5 

287-6 

199-6 

281-0 

7-6 

200-2 

279-7 

20-2-8 

276-3 

3-1 

Nut oil, same, kept in the 
dark 1 mouth . 

200'5 

279-8 

200-8 

279-3 

0-5 

Nut oil, saini‘, kept in the 
dark 2 months 

106-0 

286-2 

208-5 

260-0 

17-2 

Cotton seed oil, fresh . 

200-9 

279-2 

203-1 

2> O'-J 

3-0 

„ „ 2i yeans old 

lUvison oil, fresh 

194-3 

288-7 

204-5 

274 -3 

11-4 

176-8 

317-3 

1S3-2 

306-2 

11-1 

,, „ 2 years old 

Rape oil, fresh . 

178-8 

313-7 

182-1 

30S-0 

5-7 

176-6 

317-7 

181-2 

300-6 

8-1 

„ „ 2 years old . 

178-3 

314-6 

1S2-.5 

307-4 

7-2 

„ „ 6 years old . . 

176-1 

318-8 

181-4 

309-1 

9-1 

Castor oil, fresh . 

187-0 

300-0 

191-0 

204-3 

5-7 

,, ,, 2^ years old 

183-1 

306-4 

189-0 

-296-7 

9-7 

Cherry kernel oil 

101-3 

293-2 

213-7 

26-2-5 

31-7 

Apricot kernel oil, frc.sh 

199-5 

281-2 

200-2 

280-1 

1-1 

Apricot kernel oil, acids 
remained month in the 
dark .... 

196-0 

286-2 

199-1 

281-7 

4-5 

Apricot kernel oil, acids 
remained 2 months in the 
dark .... 

197-4 

234-2 

198-2 

283-0 

1-2 

Apricot kernel oil, ueid.s 
rcm.'iined 5 months in the 
dark .... 

187-0 

300-0 

200-0 

280-5 

19-5 

Apricot kernel oil, 2 year.s old 

196-8 

285-0 

< 200-0 

280-5 

4-5 

Ajiricot kernel oil, same acids 
exjiosed to light 1 month. 

182-9 

306-0 

194-1 

288-9 

17-1 

Almond oil, frc.sh 

195-8 

286-5 

200-3 

278-3 

8-2 

1 ,, ,, 2^ years old 

196-0 

286-2 

202-2 

277-5 

8-7 

Arachi.s oil, fresh 

195-2 

287-3 

200-2 

280-2 

7-1 

,, ,, years old 

195-5 

286-9 

200-0 

280-5 

6-4 

Hazelnut oil, fresh 

197-6 

283-8 

199-7 

280-9 

2-9 

Olive oil, 3 years old . 

194-5 

288-4 

200-9 

279-1 

9-3 

Vegetable tallow, 3 years old 

213-8 

262-2 

214-0 

262-1 

0-1 

Vegetable t.illow, acids ex¬ 
posed to light for y months 

204-2 

2747 

215-7 

260-0 

14-7 

Lard, fresh .... 

205-0 

273-4 

201-8 

-273-9 

0-6 

„ 2i years old 

203-4 

275-8 

203-1 

276-2 

0-4 

Beef tallow, fi e.nh 

20.V7 

272-7 

209-9 

•267-2 

5-5 

,, „ 2 years old 

205-4 

L- 

273-1 

207 1 

270-8 

2-3 
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The author has, however, shown^ that it would bo premature to 
accept this general statement, as in a number of cases he obtained 
figures which contradict Tortelli and Pergami^s views. In some cases 
the numbers found agree witli those given by Tortelli and Pergami, 
in other cases the differences are so small that they fall within the errors 
of the method. Even negative differences were obtained, as will bo 
seen fi'om tlic following table, in which I collate some results ascertained 
in my laboratory :— 


Neidralisaiion a7id Saponification V(dues of Mixed Fatty Acids “ 
{LewkovnUch) 


Aci>l from 

I. 

Ndutral- 

isaUuii 

n. 

CillPiilaU'iI 
from I. 

III. 

Siipon id¬ 
eal,ioii 
Value. 

IV. 

Molecular 

Weii-ht 

Ciik'Ulalerl 

from III. 

V. 

Dilferenee, 

11.-IV. 

Linseed oil .... 

201-8 

278-0 

199-8 

280-9 

- 2-9 

>1 • 

194-7 

288-1 

199-8 

280-7 

+ 7-4 

i» >> • 

195-2 

287-1 

199-0 

284-9 

+ 5-5 

Tung oil . 

181-2.'i 

300-5 

198-7 

282-3 

-l■27•2 

*Stillijigia oil . . . 

20(;-:{ 

•271-9 

210-5 

•26G-5 

+ 5-4 

Nut oil ... . 

201-2 

278-9 

199-5 

281-3 

- 2-4 

Salllower oil . . . 

200-3 

2S0-1 

199-7 

280-9 

- 0-7 

Maize oil . 

197-1 

284-6 

199-8 

280-7 

+ 3-9 

Cotton seed oil . 

197-4 

281-1 

204-2 

274-7 

+ 9-1 

>» *> • • • 

200-5 

279-8 

205-2 

273-3 

+ 6-5 

Rape oil .... 

201-9 

277-8 

205-1 

273-5 

I- 4-3 

182-3 

307-7 

184-9 

303-3 

+ 4-4 

Croton oil .... 

197-3 

281-3 

203-3 

275-9 

+ 8-4 

Castor oil . 

176-9 

317-1 

177-2 

316-5 

4- 0-6 


175-7 

319-3 

177-8 

315-6 

+ 3-8 

Ajuicot kernid oil 

174-7 

321-1 

176-5 

317-8 

+ 3-3 

198-0 

•283-3 

20-2-0 

277-7 

-h 5-6 

,, ,, {California) 

197-8 

283-6 

202-8 

276-6 

+ 7-0 

Pcaeli kernel oil . 

194-0 

289-1 

200-7 

279-6 

+ 9-6 

196-8 

285-0 

205-0 

273-6 

+ 11-4 

Almond (sweet) oil 

196-4 

285-6 

201-7 

278-1 

+ 7-6 

,, (Sii-ilj) . 

198-8 

282-1 

2112-2 

277-4 

+ 4-7 

,, (Maz.ignn bitter) . 

196-8 

285-0 

203-1 

276-2 

4- 8-8 

,, (small Indian) 

19.5-8 

286-5 

200-7 

279-5 

4- 7 0 

,, (Mogador bitter)* . 

197-1 

284-6 

203-2 

276-0 

4- 8-0 


207-8 

269 9 

207-6 

•270-2 

- 0-3 

Olivo oil .... 

200-5 

279 8 

201 -9 

277-8 

4- 2-0 


200-9 

279-2 

200-9 

279-2 

0-0 

Palm oil . 

206-2 

272-0 

206-9 

271-1 

+ 0-9 


205-.5 

272-9 

206-3 

271-9 

+ 1-0 

Cocoa nut oil . 

271-6 

206-5 

271-0 

207-0 

- 0-5 

. t. • • • 

271-5 

206-6 

270-6 

207-3 

- 0-7 

Lard. 

196-0 

286-2 

205-1 

273-5 

4-12-7 


196'2 

285-9 

204-5 

271-3 

4-11-6 

Margosa oil ... 

m-1 

289-0 

198-9 

282-0 

4- 7-0 

Pongamoil. 

102-5 

291-4 

195-8 

2S6-5 

4- 4-9 

Oleic acid (iodine value 81 ’6) 

201-2 

278-8 

201-4 

278-5 

4- 0-3 


' Irtswkowitsch, Jahrburh der Ckemie, 1901. xi.. 

* Cp. also " Wator-mjlon Oil ” ami “ Datura Oil,” Vo). II. Cliap. .MV’. 
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TortelU and Pergami*s statement that the difference between 
the saponification and neutralisation values of mixed fatty acids 
increases with the age of the sample, finds its explanation in the fact 
that such fatty acids as a rule contain small amounts of volatile and of 
oxidised fatty acids. Hence in the case of old oils, especially fish, 
liver, and blubber oils, the differences between saponification and 
neutralisation are considerable (see Vol. IL “Marine Animal Oils”). 

Oift'erences between the saponification and neutralisation values 
may also be due to the formation of anhydrides of the fatty acids 
tJiemsclvcs on heating ; in many cases a notable difference would point 
to the presence of inner anhydrides or lactones, the occurrence of wliicli 
in natural fats (Vol. II. Chap. XIV. “ Sawarri Fat ”) and in wool wax 
was first proved by Lewkowilsch} Tlius wool wax fatty acids arc 
easily converted, to some extent, into inner anhydrides on heating 
to 100" 0. (cp. Chap. XL, and Vol. IL Chap. XIV.). 

Ilydroxylated fatty acids especially are likely to suffer dehydration 
with the formation of inner anhydrides. Thu.s the fatty acids of castor 
oil readily form inner anhydrides (polymevi.sation products); indeed 
it has been shown that the fatty acids of castor oil become “ poly¬ 
merised ” even at the ordinary temperature on prolonged kl’(^|)i^g, 
forming polyricinoleic acids (see Chap. ILL ]). 2M). In the case of 
such polymerised ricinoleic acids the difference is considerable - between 
the saponilication and the neutralisation values. Another example 
of this kind is furnished by stearolactone, the inner anhydride of 
y-hydroxystearic acid (see Chap. III. p. 226). 

Tlie proportion of lactones and otlier anhydrides may be deter¬ 
mined either volumetricaliy or gravimetrically. 


{a) Yolumetric Dclerminalion of Lactones {Anhydrides) 

Five gi-ams of the sample arc weiglied off, dissolved in neutralised 
alcohol, and titrated with aqueous alkali in the cold. (It should be 
noted that the aqueous solution at the end of the titration must contain 
at least 50 per cent of alcohol, so as to prevent hydrolysis of soap.) 
Thus the neutralisation value of the samplers found. In a second 
experiment L5 to 2-0 grras. are boiled with alcoholic potash exactly 
as described under “ Saponification Value ” (Chap. VI. p. 379) and 
titrated. Thus the saponification value is found. 

The difference between the saponification and ncutrali.sation values 
furnishes a measure of the lactones present. If the chemical composi¬ 
tion of the lactone be known, its quantity can be calculated as shown 
by the following example :— 

The saponification value of a mixture of fatty acids and stearo- 
actone was found to be 194-3, and its neutralisation number 153-9. 


* l*roc. (Jhein. .Syc., 1889, 69; Joiirn. Soc. C'Junn. Jtid., 1890, 844; 1892, ; 

1896, 14. 

^ Cp. Lcwkowitsch, Joum. Soc. Chem. Ind., 1893, 67. 
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The difference, 194*3-153'9 = 40*4, corresponds to the amount of . 
stearolactono present. As the saponification value of stcarolactone is 
198'9, calculated from the proportion :— 

282:50100: : 1 :a:; a--198-0, 

the percentage of stcarolactone is found from the following proportion:— 

198-9 :100 : : 40*4 : x; a;—20-3 per cent. 

As the nature of the lactones (or anhydrides) occurring in a sam])Ie 
submitted to an analyst is but rarely known, it will be found preferable 
to isolate the lactone and determine it ({uantitativcly, as described in 
the following process, which pci-mits at the same time to determine 
the free fatty acids volu metrically. 


(b) Gmvimelric Determination of Ijactones {Anhydrides) 

Five grams, or more, of tlie sample are dissolved in neutralised 
alcohol, and titrated with aejueous caustic potash in exactly the same 
manner as descTibed above under “ Neutralisation Value.” Tlie 
lactone or anliydridc remains unaffected as long as free fatty acid is 
pi'cseiit. The soap solution is then shaken out with ether or petroleum 
ether (see “ Unsaponiliable Matter,” Chap. VI. p. 155), care being 
taken not to dilute the soap solution too much so as to cause dissociation 
of the soap, when acid soaps may pass into the ethereal solution). The 
ethereal solution is then filtered off, the ether evaporated off, and the 
residue woiglied. The residue must be free from ash ; its neutralisation 
value should, of course, be nil. 

If a furtlier examination of the isolated lactone (or anhydride) be 
desired, its saponification value, iodine value, etc., may be determined. 


3. Insoluble Fatty Acids 

(rt) In Oils and Fats 

It has been r<!peate(My pointed out that the fatty acids as prepared 
from oils and fats by the method described in Chapter III. contain, 
in the majority of cases, negligible (piantities of unsaponifiabic matter, 
and it has also been explained tliat if the saponification value of an oil 
or fat docs not exceed 195, soluble or volatile acids are absent, or only 
present in negligible quantities. It has further been stated that in 
case the saponification value be higher than 200, the presence of 
glycerides containing soluble or volatile acids or considerable quantities 
of laiiric (and) or myristic acid may be taken as granted. 

The jjroportion of insoluble fatty acids in oils and fats had for some 
time been looked upon as a “ characteristic ” number (and even as a 
“ constant ”) and was described as such in former editions of this work 
imdor the term “ Hehner Value,” although it had been emphasized 
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that the isolated insoluble fatty acids contained varying amounts of 
unsaponifiable matter. In the present work the proportion of fatty 
matter obtained by the method given in Chap. III. p. 110, will be 
recorded under the heading :— Insoluble fatty acids + unsaponifiable 
matter, in the tables of “ Characteristics of Insoluble Fatty Acids ” 
(see Vol. II. Chap. XIV.). 

The amount of fatty acids obtainable from a soap by decomposition 
with a mineral acid had been determined quantitatively as far back 
as the eighteenth century by Geoffrey and Macquer, but they still looked 
upon the fatty acids as the original fat used in making the .soap—a 
procedure which in some modified form still survives at the present 
day in Marseilles, where soaps are branded (and sold) with the percentage 
of fat corresponding to the amount of fatty acids actually contained in 
the soaps. 

The usual method for determining the amount of insoluble fatty 
acids in fats and oils in its first stages is essentially that described in 
Chap. III. p. 110, smaller quantities than 50 grins, being used and certain 
precautions being observed wliich are detailed in the following lines. 
It has been pointed out already that the volatile soluble acids are to the 
largest extent removed with the wash waters. 

A quantitative method for determining the proportion of insoluble 
fatty acids in oils and fata containing volatile (soluble) acids was 
proposed by Anyell and Ilehner ^ for the examination of butter 
fat and the detection of foreign fats therein. At first they used 
aqueous potash for saponification, which naturally caused great 
difficulties; hence the process became only workable through the 
introduction of alcoholic potash (proposed for this purpose by Turner). 
The determination is carried out in the following manner :—3-4 grams 
of fat are saponified as described imder “ Saponification Value ” (Chap. 
VI. p. 379). The alcoholic solution is then rinsed with boiling water 
into a porcelain dish of about 6 inches diameter, and boiled down on 
the water-bath to jiastiness. The soap is dissolved in 100-160 c.c. of 
water, and acidified with dilute .sulphuric acid. The contents of the 
dish are then heated, until the hberated fatty acids float on the top as 
a clear oily layer. This is brought on to a filter paper of about 4-6 
inches diameter, previously dried at 100" C. and accurately weighed in 
a weighing bottle or small beaker (covered wKh a watch-glass). The 
filter-paper should be of stout material, as ordinary filtering paper 
readily allows the liquid to run through turbid. A good plan to prevent 
this is to have the filter half full of hot water, before the fatty matter 
is transferred to it, and to keep it full till all the liquid is added. Finally, 
the fatty acids are washed on the filter with boiling water, until a few 
c.c. of the wash-water do not redden sensitive tincture of litmus. (For 
3 grms. of butter fat no less than 2000 to 3000 c.c. of wash-water are 
required.) The funnel with the filter is then immersed in a vessel of 
cold water, so that the water outside and the acids inside are at the same 
level. The water is then allowed to drain off, the filter is transferred 
to the beaker in which it had previously been weighed, is dried at 100° C. 

* Butter : Its Analysis and Adulteralims, Loodou, 1874. 
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for two hours, and weighed. The fatty matter is dried for another 
hour or an hour and a half, and weighed again. The difference between 
the two weights will, as a rule, be below 1 mgrra. 

In case the oil or fat under examination contains readily oxidisable 
fatty acads such as linolic, linolonic, clupanodonic acid, it is necessary 
to carry out tlie operations with exclusion of air as much as possible. 
The bulk of the alcohol is, therefore, evaporated off fi’om the soap 
solution contained in the flask in whi(^h the saponification has been 
carried out, and the soap is then decomposed in tlic flask. The fatty 
acids arc waslicd on the filter with as little exposure to the air as j)ossible, 
the filter being kept covered with a watch glass. The wasliod fatty 
acids are tlicn rinsed with dry ether into a tared flask, and the solvent 
is evaporated off in a current of hydrogen or carbon dioxide. This 
modus operandi docs away with the drying and weighing of a tared filter. 

, Strictly concordant results arc not obtainable by this method, as 
it entails a number of inherent errors, detailed consideration of which 
is required in each special case. 

Taking the final operation first, there aj'c two sources of error— 
one causing an increase, the other a decrease in weiglit. To a certain 
extent, liowever, one error is compensated by the other. On the one 
hand unsaturated acids may become oxidised, whilst on the other 
hand loss is incun’ed through volatilisation of fatty acids.^ 

The following table, duo to Tatlock,^ gives some indications as to 
the amount of error caused by dryijig fatty acids at DO'" 0.:— 

' Kahrion {Vhem. Xeit., 1907, 437) oli.'icrveil tlic ibriiialioii of neutral snlistauccs, ami 
coiijucturcil that j»olynna'isatioii proilucts are forme<l ;uiil not auliy<lriUe.s iw he wa.s 
unable to <letecl oleic anhydride on heating oleic acid with <leliy<lralc<l copper suljdiatc 
oil tlic watcr-liath. 

'■* Joiini. iSdi'. ('hem. IikL, 1890, 374. Cp. I’cndler and Franlv, Xcits. f. aiigai^ 
Ckcin., 1909, 254. 


[Tabmi 
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In the case of oleic acid FaJirion^ ascertained the following re¬ 
spective losses on drying for six hours at 110® C., 120® C., and 115° 0.: 
—2-8 per cent, 5*2 per cent, and 3*2 per cent. 

In order to obviate losses of fatty acids Leckartier (in 1880) and 
J. We.st Knight ^ proposed the following method, which is based, on the 
one liand, on the insolubility in water of the barium salts of the higher 
fatty acids, and, on the other, on the ready solubility of the barium 
salts of the volatile acids : ^—1-3 grins, of the oil or fat are saponified 
with alcoholic potash in the usual manner; the solution is then made 
up with cold distilled water to 300 c.c., and an aipieous solution of 
barium chloride added until no further precipitation takes place. The 
precipitate is collected on a filter, washed with warm water, and trans¬ 
ferred to a separating funnel, in which the barium salts are decomposed 
with hydrochloric acid.^ The liberated fatty acids are dissolved in 
ether, the ethereal solution is washed and run into a weighed flask; 
after distilling off the ether, the residue is dried and weighed. 

Tnasmueh as the solubility of the lower fatty acids does not neces- 
.sarily correspond to the solubility of tlieir barium salts, it is open to 
doubt whether the results obtained by this method agree with those 
found by the method described above. In the case of butter fat for 
which tins modus operandi was proposed, the numbers pubbslicd by 
Knight agree closely with those obtained by the foregoing method.^ 

Other errors, which in more jironounced degi'ce render the quanti¬ 
tative determination uncertain, are the varying proportions of un- 
saponiliable matter and the presence of glycerides containing lauric 
acid. Althougli the proportion of nnsaponifiablc matter is negligible 
in most cases, it may in others lead to serious errors. Thus, to take 
an example, the amount of insoluble folly acids + wtsaponijiahle matter 
in “ Nux vomica fat ” was found to bo 95-2 per cent, and this number 
might have been interpreted as pointing to a normal amount of fatty 
acids of tlio mean molecular weight of about 276. On closer investi¬ 
gation it was, however, found lliat the unsaponifiablo matter amounted 
to as much as 12-2 per cent. Hence the proportion of insoluble fatty 
acids actually amounted to only 83 per (-ent (95-2-12-2). Similar cases 
are recorded in the monographs of Vol. II. Chap. XIV. It is therefore 
evident that the weighed fatty matter can only be looked upon as 
consisting of insoluble fatty acids with a negligible quantity of un- 

1 Chem. Zdt, 1907, 437. 

^ Analyst, 1881, 165. 

Uariuni suits wtiro fii’st prepar'd by Chcvreul. 

* It is not admissible to diy the salts, weigh them, incinerati’, and derive the weight 
of the fatty acids from the dillereuoe of the first weight and tlio aniouiit of baryta in the 
ash (cp. Chap. III. “ Ste.iric Acid,” p. 16.5). Nor w it advisable to employ tlie so<la or 
j)Ota.sli salts .'IS suggestwl by Fahrion, Otmn. Zeit., 1906, 267 ; 1907, 437. Hence 
methods based on the dcterminalio]i of the weight of the poUsh salts obtainable from the 
total fatty atnds although so frec|ueutly propo.sed, must Ihj rejected. 

® Asbuth states that the lead salts of the volatile acids are also soluble in water ; 
but his statement must be accepted with reserve as his paper does not furnish any proof 
for this assertion. 
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saponifiable matter, if further examination warrants such a conclusion ; 
for only in the case of pure triglycerides will the weight of the fatty 
matter be identical with the percentage of insoluble fatty acids. 

Since the theoretical yields of insoluble fatty acids obtainable 
from tlieir monoglycerides, diglycerides, and triglycerides furnish useful 
indications in the examination of oils and fats, the author collates the 
theoretical numbers in the following table :— 


Percentages of Insolvhle Fatty Acids in Mono-, Di-, and Tri-glycerides 
(Lewkomtsch) 


Glyceride of Acid. 

Monoglyceride. 

Diglyceride. 

Triglyceride. 

Acetic .... 

0 

0 

0 

Butyric .... 

0 

0 

0 

Valeric .... 

0 

0 

0 

Caproic . . • • 

0 

0 

0 

Caprylic .... 

- 

- 


Capric .... 

- 

- 


Lauric .... 

— 

— 

— 

Myristic.... 

75'50 

89-05 

91-75 

Palmitic.... 

77-58 

90-15 

9.5-29 

Stearic .... 

79-33 

91-02 

95-73 

Oleic .... 

79-22 

90-95 

95-70 

Liuolio .... 

79-10 

90-90 

96-67 

Linolenic 

78-98 

90-83 

95-63 

Cliipanodonic , 

78-86 

90-79 

95-61 

Ricinoleio 

80-12 

91-43 

95-93 

Aracliidic 

80-82 

91-76 

96-09 

Erucic .... 

82-04 

92-3,5 

96-39 

Cerotic .... 

84-26 

93-10 

96-90 

Melis.sic .... 

85-93 

96-17 

92-27 

Hvdroxysteanc 

80-2 

91-47 

95-9.5 

DHiyilroxystearic . 

81 -02 

91-87 

90-15 

Trihydroxystearic . 
Sativic .... 

81-78 

92-23 

96-35 

82-48 

92-.56 

96-50 

Liiiusic .... 

83-70 

93-15 

96-77 

Mixed Triglycerides — 




Myristopalniitodloin 



95-.3 

Oleodipalniitin 
Stcarodipaliiiitin . 



95-3 



95-14 

Oleopalmitosteariu . 



95-58 

Palniitodistearin 



95-69 

Oleodistcarin . 



95-62 

Elaidodistearin 



96-62 


Against the glycerides of easily soluble fatty acids I have placed a 
0, and in the case of the intermediate fatty acids, which require very 
large quantities of water for solution, I have placed a - in order to 
express thereby that no definitive figure can be given. By using a 
very much larger amount of boiling water than directed above, the 
total content of caproic, caprylic, and capric acids can bo washed out. 
If, however, lauric acid is a preponderant constituent of the mixed 
fatty acids, it would be practically impossible to remove it by washing. 
Hence, in the case of those fits which contain notable amounts of lauric 
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acid, the uncertainty of knowing when the washing should be stopped 
offers an insurmountable difficulty. To this very uncertainty must 
be attributed the fact that widely differing numbers have been recorded 
for the proportion of insoluble fatty acids + unsaponifiable in cocoa nut 
and palm nut oils. 

A still more striking example is afforded by “ Kusu Oil ” (see 
Vol. II. Chap, XIV.), which yielded witli 2000 c.c. of boiling water for 
3-4 grams of fat-—81*8 per cent of insoluble acids + imsapoiiifiable. There 
can be uo doubt that furtlier washing would have brought down this 
number considerably, in direct proportion to the further amount of 
hot water used. By persistently continuing the operation, the pro¬ 
portion of insoluble acids + unsaponifiable would have tended to 
approach zero, as kusu oil practically consists of laurin (the theoretical 
saponification value of which is 263*8), probably in admixture with a 
small quantity of lower glycerides (cp. also Vol. II. Chap. XIV. “ Tang- 
kallak Fat ”). 


In order to complete the information obtained by weighing the 
insoluble fatty acids, it is advisable to ascertain their mean molecular 
weight (cp. p. 512 and Vol. IT. Chap. XIV. “ Butter Fat ”). A glance 
at tile numbers given in the last column of tlie preceding tabic shows 
tliat the differences between the numbers for palmitiu, stearin, olein, 
linolin, linolenin, and ricinolein are so small that they fall within the 
errors of the gravimetric method. Hence, in these cases the discrimina¬ 
tive value of the percentage number would appear to be nil. It only 
acquires importance when a mixture of glycerides of liigher fatty acids 
with glycerides of fatty acids lower than myristic acid is under examina¬ 
tion. In that case the proportion of insoluble fatty acids + unsaponifi¬ 
able will bo below 95, provided notable amounts of unsaponifiable 
matter be absent, and it will then be possible to derive from the difference 
between 95 and the number actually found a measure of the amount of 
glycerides of lower fatty acids in a natural product. 

The percentage number of the insoluble fatty acids indicates in a 
dire(!t manner what can be derived implicitly from the saponification 
value if exceeding 200, or from tlio Reichert-Meisd value if exceeding 5 
(cp. “ Reichert-Meissl VMue,” table, p. 423). Hence the determination 
of the percentage number has been almost completely superseded by 
that of the saponification and Reichert values. 

The j.)ercentage numbers of the majority of oils and fats lie in the 
neighbourhood of 95. Those oils and fats which notably deviate from 
this number are enumerated in the following table :— 


Oil fir Kat. 




IhsoIuMo Acids 
+Un»apuniilable. 

Croton . 




89*0 

Small fennol 




88*8 

Eldorborry 




91*75 

Senega root 




85*8 

Shark liver 




86*9 (?) 
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Oil or Fat. 

Dolphin body 
Dolphin jaw 
Porpoiso body 
Porpoise jaw 
Brown iish 
Laurel . 
Carapa . 

Akee 
Macassar 
Maripa . 
Aouara kernel 
Palm nut 
Cocoa nut 
Japan wax 
Tangkallak 
Knsu 
Butter . 


Insolublfi Acidn 
+Uii8aponitlable. 

93-07 

60-3 

91-04 

70-2 

85-5 

83-5-S6-8 

93 


9i-r> 

88-88 

91-7 

87-()-9M 

82-4-90 

90-() 

7(P 

81-81 

8(i-r)-90l 


It will be seen tliat, with the exception of Japan wax, the same oils 
and fats occur in tlie table of Reichert and Ueichert-Mei^d values. 
The occurrence of dibasic acids in Japan wax explains the low number. 


(h) In Waxes 

The fatty matter obtained on saponifying waxes and decomposing 
the resulting product with mineral acid contains both fatty acids and 
alcohols ; ^ as the latter are insoluble in water, the percentage number 
found exceeds 100, water having been assimilated during the saponifica¬ 
tion. Hence the determination of the percentage number alone would 
furnish entirely useless results. 

In case it be desired to weigh the amount of insoluble fatty acids 
in waxes, the fatty matter obtained on saponification must first be 
freed from the alcohols ^ (cp. p. 455). The following table coiitams 
the proportions of insoluble fatty acids in some waxes, as ascertained 
in the author’s laboratory :— ^ 


Percentage Numbers of Fatty Acids in Waxes {Lewkowitsek) 


..... . 

Arctic sperm oil .... . 

«l-66 

CamaUba wax ...... 

47-96 

Wool wax ...... 

69-8 

Beeswax ...... 

46-77 

Spermaceti ...... 

63-45 

Insect wax ...... 

, 61-64 

* Tliese numbers may be still too high. 

^ Any hydrocarboijs present would be found with the alcohols. 
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4. Volatile Fatty Aelds 

SOLUBLE VOLATILE ACIDS AND INSOLUBLE VOLATILE ACIDS 

If the saponification value of an oil or fat exceeds considerably 200, 
and if, subsequently, a notable Reichert-Meissl value has been found, 
the presence of volatile fatty acids is proven. It has been shown above 
(p. 418) that the earlier attempts to estimate the amount of total 
volatile acids have not been attended with success, and that the Reichert 
method is only a conventional one. Since in the Reichert test only a 
portion of the volatile fatty acids is obtained, the further examination 
of the distillate and the isolation of the individual volatile fatty acids 
contained therein will not furnish complete information (see Chap. XII.) 
as to the total amount and the nature of the volatile fatty acids. 

The volatile fatty acids must not be considered as being identical 
with the soluble acids, although the bulk of the volatile aci^ in most 
oils and fats characterised by high Reichert values are “ soluble ” in 
water. Since the occuiTcncc (in Japan wax) of soluble dibasic acids— 
which are non-volatile—has been demonstrated, it is necessary to 
exercise due ciicumspection. 

If the total amount of volatile acids only is required, they may 
be obtained in substance by a method similar to the one proposed*by 
LewJcowifsch for the (Ictcrmination of the acetyl value, which consists 
in distilling off the total amount of volatile fatty acids exactly as 
described for the determination of the acetic acid m the “ distillation 
process.” This method differs, of coui-se, from tlie Reichert process in 
that the total amount of volatile fatty acids is driven off. Six to seven 
hundred c.c. of water are distilled over, and the distillate is titrated 
witJi dccinormal potash, using phonolplithalein as an indicator. The 
number thus found is calculated to 1 grm. of oil or fat. 

The following table contains the total volatile acids furnished by 
some commercial oils and fats.^ A few numbers have been ascertained 
by the “ Filtration Process.” 

' Linvkowitscb, A>ia!i/d, 1899, 319. A much iiiortr elaLorate method proposing to 
distil otr the volatile acids in inrcm is proposed by E. Welde, Biorheni. Zeits.y 1910 (*28), 
504 ; cp. also A. Bruno, Anm\ dc chimie aiuilt/l., 1911 (16), 138. 


[Tabie 
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Volatile ^4cids in Commercial Oih and Fats (Lewkowitsch) 


Kind of Oil or Fat. 

Total Vohtilo Fatty 
Aci<l.s i)4(r t'ram ; iu 
tonii.s ul' M^^rms. 

KOII. 

Distillation 

Process. 

Filtration 

Prix^ess. 

Linseed (2 samples). 

O'S-2-9 



2di3 


Cotton seed (4 samples of <UfTeront aj'o) .... 

0-l-G“2S 


.. 

0-99 

1-0 

,, ... . 

2-0 

2-1 

,, ......... 

0*1 


Hape ...... , . 

2-15 


Croton (2 samples) .. 

21-08 


Ca.stor (3 samples) ........ 

00 


Olive. 

2 ml 


Japan fisli. 

1-78 


Fisli, containiiii^ i-oast cod oil, etc. .... 

9-22 


Cod liver, ketit some years in bottle .... 

2-60 


,, frcsli. 

3-iiO 


Skate liver ......... 

0-80 


Sli.irk liver .. 

2‘*5 


Sral. 

1 


Horses’ loot*. 

4-07 


■‘Animal” oil. 

3-73 


I’alin, containing; 23*8 per cent free fatty acids 

2-31 


Sawari'i . .. 

107 


Cacao butter. 

2-80 


Palm lint, containini; tl'dS per cent I'rcc fatly acids 



M d-0-1 

HI 



1 i-o 



19-so 

20-33 

Cocoa nnt, containing 9’9 per cent free fatty aidd.s . 

1 i-'Tn 


M M 3-9 . 

20-0 


. 

21-9 



2i!7 



20 7)9 


,, containing 13'2 j per cent free fatty ai ids 

•20--I 


,1 

28-2 

30-0 

Japan wax (2 samples). 

30-4 


5-6-io*or. 


Ijard. 

6 0 


Beef marrow. 

2--10 


Bono fat, containing 42'(5 per cent free fatty acids . 

•1 -22 


Tallow,. South American. 

7 -24 


,, home molt.1. 

1-3 


.U. 

4-8 

6 0 

„ ..III. 

1-4 

1-7 

„ premiorjus. 

O-OH 


Butttu- fat.1. 

4 9-3 


,, containing 0*1)6 per cent free fatty acids II. 

•13-32 


, ......... 

41-I 


, . 

32-0 

31-3 

,, containing margarine, free Irom cocoa nut oil 

12-8 
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Irregularities in the results due to variations in the time allowed 
for distillation, the varying level of the liquid, etc., arc said to bo 
avoided by employing a special contrivance designed by Amherger} 

It will be seen from the table that in the case of those oils which 
in their fresh state have a very low Reichert value, the amount of 
volatile acids increases with age. This is especially exemplified by 
cotton seed oil and tallow. 

The absolute quantity of the volatile fatty a(dds (tan be found 
approximately by evaporating down the neutralised solution containing 
the potash salts of the volatile fatty acids to a small hulk, and finally 
drying in an oven to constant weight." By deducting from the weight 
thus found the weight of KgO calculated from the amount of potassium 
hydrate used for the neutralisation of the volatile fatty acids, the 
amount of anhydrides of the volatile fatty acids is o[)tained. From 
this the mean molec.ular weight of the volatile fatty acids can he cal¬ 
culated (cp. Vol. 11. Chap. XIV. ‘‘ Butter Fat ”). It should, however, 
be noted that thi.s method does not yidd strictly accurate results as the 
method is not free from errors (cp. also footnote 4, p. 525). 


The volatile acids to he considered hero are the following : butyric, 
caproic, caprylic, capric. and also laurie. Butyric acid is completely 
soluble in water, whereas laurie acid is only slightly soluble in large 
quantities of boiling water, (kipric acid is almost insoluble in cold 
water, (kiproic and caprylic acids occuj>y an intermediate })Osition. 
loo c.c. of water at 15"^ C. dissolve of caproic acid 0-882 grins., and of 
caprylic acid 0-079 grins. The solubilities vary considerably, however, 
in the case of mixtures of these two acids. The solubilities of caju'oic 
and caprylic acids in water increase so considerably with the I'ise of 
temperature, that tln^y can bo dissolved completely by lai-ge tpiantities 
of boiling water. Hence the volatile acids have been considered by 
some chemists as being practically identical witJi the soluble acids, 

The demarcation between volatile and non-volatile acids is not 
an absolute one, and much depends on the conditions under which 
the distillation is carried out; for small quantities of insoluble acids, 
notably myristie and palmitic, acids, and even stearic acid, arc carried 
over in the distillation processes of Bolenske and of Milntz and Coudon 
(see Chap. VI.) if only small (puuititics of fatty material are worked 
upon. Thus Arnold^ obtained in the case of tallow and lard small 
amounts of a volatile *’ acid which was found on further examination 
to be nothing else than palmitic acid (see Vol. II. Chap. XIV. “ .Lard,” 
“ Tallow ”). 4 

The several volatile fatty acids difier in their solubility in water. 
An approximate separation of the volatile fatty acids into 

(1) Soluble volatile acids, 

(2) Insoluble volatile acids 

’ Zeitf!./. Unters. d. Nnhrgs- u. Oenussvi.^ IttOt), xvii. 26. 

Cp. FeiuUer and Frank, Zdts.f. angew. Cheni., 1909, 256. 

* Znts.f. Unters. d. w. Uenv^m.. 1907, xiv. 161. 
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is attempted in the conventional Reichert process. As indicated on 
p. 417, the 110 c.c. of distillate obtained in that process are filtered; 
thus the insoluble volatile acids, wliich have been carried over to some 
extent by the water vapours, are separated from the soluble volatile 
acids. The notes given on p. 418 show, however, that even the most 
readily soluble acid, viz. butyric acid, is not driven olf completely, 
whereas the much less soluble caproic acid is obtained almost completely 
in the filtered distillate. It must, therefore, be understood that varying 
quantities of the several “ soluble ” acids in the distillate have a con¬ 
siderable influence on the relative solulnlity of each individual fatty 
acid. To illustrate this by a further example : In the case of cocoa nut 
oil, which contains no butyric acid, the 110 c.c. of distillate as obtained 
by Reichert's process are completely saturated; this is indicated by 
the milky turbidity which the filtered distillate exhibits. 

In order to show the rate at which butyric, caproic, and caprylic 
acid.s are volatilised from their aqueous solutions the following table, 
due to Dnclaux, may be given. The percentage numbers were obtained 
in ten successive fractions of 10 c.c. each, when 100 c.c. wore distilled 
off from 110 c.c. of the saturated solutions of the several fatty acids. 


rraclioii. 

Hiityrio Acid. 

C'apKiic Acid. 

Caprylic .Void, 

1 

Per 

17-1 

Per cent. 

33-5 

Per cent. 

2 

327 

.56-0 

78-b 

3 

46-.') 

75-5 

91-0 

4 

58-5 

86-0 

9 : 3-0 

5 

08-8 

92 

95-0 

6 

77-5 

9G-5 

9G-8 

7 

84-3 

97-5 

97-8 

8 

90-2 

98-4 

99-0 

9 

94-6 

99:3 

99-6 

10 

97’9 

100-0 

100-0 


Soluble Volatile Acids 

In the absence of satisfactory methods for the determination of the 
soluble volatile acids a number of conventionL,! methods, simulating in 
their importance the “ quantitative reactions,” have been suggested, 
especially with a view to the examination of butter fat. The following 
methods are examples of this kind. If carried out under strictly 
identical conditions, they furnish comparable results. It should, 
however, be distinctly understood that the “ soluble acids ” found by 
the following processes arc not identical with “ volatile acids,” and that 
at best the tests described furnish only a measure of the dissolved acids, 
i.e. of the acids dissolved under the prescribed conditions. 

(1) Saponify ^ 4 to 5 grms. of an oil or fat as described Chap. VI. 
p. 379; thus the saponification value of the sample is found. The 
alcohol is then evaporated off, the soap is dissolved in water, and 

* Cp. liaudzyiiski and Kufi, Journ. Hoc, 6’Am. /«</., 1890, 44 
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decomposed with hydrochloric acid. The liberated fatty acids are 
washed on a filter with hot water, as described under “ Insoluble Fatty 
Acids.” The insoluble fatty acids are then dissolved in neutralised 
alcohol, and their neutralisation value is determined by titration with 
half-normal c,au3tic potash. By subtracting this neutralisation value 
from the .saponification value, the amount of potassium hydrate required 
for the neutralisation of the dissolved (“ .soluble,” “ volatile ”) fatty 
acids is obtained. 

Example .—For tlie saponification of 3 grins, of a butter fat 1130 
mgrms. of potassium hydrate (KOH) were used, and for the neutr.alisa- 
tion of the insoluble fatty acids !)20 mgrms. were required. The differ¬ 
ence 1130 - 920 = 210 corresponds to the .alkali required for the soluble 
fatty acids in 5 grms. of butter fat. Hence, 12 mgrms. of potassium 
hydrate (KOH) have been used per grm. of butter fat. 

If the me.an molecular weight of the dissolved fatty acids be known, 
their absolute quantity can be calculated (cp. Chap. XI. p. 639). 

(2) Another method is based on the fact that the ratio between 
the cjuantities of alkali requisite for the neutralisation of the dissolved 
fatty acids on the one hand, and of the insolubh,; fatty acids on the 
other, is constant for any given fat {Morse and Barton ^). 

These relative quantities are given in the following table :— 


Kiii<l of Fat. 

l*er cent KOII required for 

Insoluble Acids. 

UisBoIved Acids. 

Batter fat. 

m-i,7 

13-17 

(Joooa mil oil, nol whsIuhI. 

91-85 

8-17 

„ ,, wasliod u'itli liot wale: . 

92-43 

7-42 

,, ,, ,, „ dilute soda 

92-33 

7-45 

Cotton seed oil. 

92-05 

7-76 

Lard.. 

95-96 

3-82 

Beef tallow. 

96-72 

3*40 

Oleoniargai'ine. 

95-40 

4-57 


The following four standard solutions are required 

1. Hydrochloric acid, 1 c.c, of which is equivalent to 20 mgrms. 
KOH. 

2. Hydrochloric acid, 1 c.c. of which is equivalent to 2 mgrms. 
KOH. 

3. Alcoholic potash (prepared with 95 per cent alcohol) approxi¬ 
mately corresponding to acid No. 1. The strength of the potash 
solution must be determined accurately by titrating with the acid. 

4. Alcoholic potash, corresponding to acid No. 2. 

The analysis is carried out as follows :— 


’ J&urn. tSoc. Chem. Ind., 1888, 697. 
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Place from 1 to 2 grms. of the dried and filtered fat—the exact 
quantity need not be ascertained—in an Erlenmeyer flask of 250 c.c. 
capacity, and saponify with that amount of tlie strong potash solution 
which exactly equals 40 c.c. of the strong standard hydrochloric acid. 
Then add phenolphtlialein, and titrate back the excess of alkali with 
tlic standard hydrocddoric acid. (Thus the saimrification value may 
be found.) Evaporate off the alcohol on the water-batli, and exactly 
liberate the fatty acids by adding just enough of the weaker standard 
acid; this quantity is, of course, the difference between 40 c.c. and 
the number of c.c. used for neutralising the excess of alkali after 
saponilication. Next fit the flavsk with a condensing arrangement, 
consisting of a glass tube about 400 mm. long and 5 mm. in diameter, 
having its upper end bent downwards, and attached to a small U-tube 
containing water. This is designed to prevent the esca])e of volatile 
acids during the heating, whicli is continued until tlie c-ontents of the 
flask become clear. Tlien filter the solution, to which the li(|uid from 
the U-tubo is added, through tliick, well-wetted ))aper, and wash the 
insoluble fatty acids until the filtrate measures 1000 c.c. Next dissolve 
the insoluble acids in 50 per cent alcohol, and titrate with t he strong 
potash solution ; finally titrate the soluble acids with the weak potash 
solution. 

The ratio oidy between the two amounts of alkali being required, 
it is neither necessary to weigh the fat nor to know the absolute strength 
of the standard alkalis. 

(3) The French official method for the determination of “ volatile 
fatty acids ” in butter fat as pre.scribed by an Act of April 16, 1897, 
is based on earlier proposals by Dupre} and is fashioned after the 
Reichert-Wollmj process. In this method 5 grms. of (butter) fat are 
saponified, and 4(X) c.c. of distillate arc collected, the conden.sed dis¬ 
tillate, as it comes over, being pas.scd through a .small filtei’, on which 
the insoluble volatile acids are collected. Tlie 400 c.c. of filtered 
distillate are then titrated with a standard alkaline solution, and the 
number of c.c. used is calculated to butyric acid. 

For the details of the method, which must be rigorously adhered 
to in order to obtain comparable results, thei reader is referred to the 
French edition of this work.^ 


Insoluble Volatile Acids 

The determination of the insoluble volatile fatty acids (left on the 
filter in the Reichert process and in the French official method), by 
weighing the residue left on the filter, must be out of the question, as 
the loss incurred on drying the acids is too great. This is exemplified 

1 Anaiysi, 1877, 87. 

* Lewkowitsch, Ttchnologie et A nalyse chimiqves des HuHes, (Jraisses cl Circs, Paris, 
1906, pp. 460*463. Cp. also MUntz and Condon's Method, Vol. 11. Chap. XIV. 
“Butter Fat.” 
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by tbo numbers (ascertained in tbe author’s laboratory and) given in 
the following table :— 


Loss of Volatile Acids on drying on tJte Water-hath {Lewhowiisch) 



After i hour. 

1 hour. 

IJ llOUfM. 

2 hours. 

2^ hours. 

Butyric . 

For c*nit. 
16-88 

Per cMit. 
28-96 

Par cent. 
31-20 

IVr (■i-iit. 

4:Vl;{ 

Per cent. 

C;i}iroic . 

2-18 

3-88 

4-{).l 

9-06 

i6-47 

Capiylic . 

Oajiric . 

0-82 

1-24 

1-52 

2-41 

3-17 

0-12 

0-22 

0-29 

0-39 

0-51 

Laurie . 

0-26 

0*26 

0-29 

... 



The same difTieulty which attaches to the complete determination 
of the soluble volatile fatty acids is also met with in the determiiiaiion 
of the insoluble volatile fatty acids. The difficulty has been overcome 
by adopting the expedient employed in the Reichert process, i.e. by 
titrating a definite amount of insoluble volatile acids. This is done 
by the processes recommended respectively by Polenske and Milritz 
and Co7idon (sec Chap. VI. p. 425). 

It has been shown above, p. 427, why it is imperative to adhere to 
the ])rescribed quantities. The above given tables may be supple¬ 
mented by the following table reproducing a selcidion from experiments 
made by Heiduschka and Pfizenmeier^ with pure fatty acids. Ihe 
influence of the quantity of substance taken is clearly brought out. 

^ Ikilriiyc zur Chemic. untl Avo.Ii/sc der Fdk, Miinchen, 1910, pp. I I, 23. 
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With 6 grma. of caprylio acid and the usual amount of water and 
glycerin and dilute sulphuric acid as if the triglyceride had been used, 
the sum of the ReicheH-Meissl value and tlie titration number of the 
insoluble volatile fatty acids was 171-3. This shows that the total 
amount of the fatty acids distilled over was only 49-3 per cent of the 
quantity taken. With 7 .grrns., the total sum of the Rcicliert-Meissl 
value and the titration number for the insoluble volatile fatty acids 
was 171-8; this shows that only 35-3.5 per cent of the total amount 
taken had distilled over. 

Those methods require the strict observance of the most minute 
details. As they have been specially adapted to the examination of 
buttei- fat, the details will bo given under the heading of “ Butter Fat ” 
(Vol. II. Chap. XIV.), where further references to the method will be 
found w'ith a view to detecting the presence of cocoa nut oil. 

The dillerentiation of the insolubles volatile acids from the soluble 
volatile acids and the accurate determination of both is of the greatest 
importance in the examination of butter fat and the detection of cocoa 
nut oil and (or) palm nut oil therein, and in other edible fats generally. 

Stress has been laid on the fact that, notwithstanding their excel¬ 
lence the W'idiert and PoletisJce ju-ocesses only afford limited information, 
and in certain ca.so3 fc.il to su|)|)ly the desired answer. This is to some 
e.xtent due to the feature that only part <if the acids is recovered, and 
that even that part cannot be determined quantitatively with greater 
accuracy tli.an is warranted by the approximate method described, p. 
417. Nevertheless, these processes enable us to establish chemically 
the difference between butter fat on the one hand, and cocoa nut and 
palm nut oil on the other with ea,3e, and to ascertain the respective 
mean molecular weights of the volatile soluble and of the volatile 
insoluble fatty acids of these two kinds with sufficient accuracy for 
technical purposes. It is only when mixtures of these two kinds of 
fats are under examination that difficidtics arise. More difficult still 
becomes the analytical problem when these two kinds of fats are ad- 
mi.xed with such fats as lard, tallow, cotton seed stearine—a problem 
which presents itself frequently in the examination of margarines and 
mixed edible fats. 

Hence endeavours arc continuously made to extend and invent new 
methods of research. *Tho investigation of the metallic salts of the 
volatile fatly acids—silver salts, barium salts, zinc salts, cadmium salts— 
on the one hand, and of the ethyl esters on the other have been under¬ 
taken, but hitherto no such practical method has been evolved as can 
be placed before the reader in this chapter. These methods will be 
considered in some detail in Chapter XII. In the following volumes 
it will bo shown under the headings “ Lard,” “ Butter Fat,” “ Mar¬ 
garine,” how far the problem can be solved with the aid of the methods 
described in this and the foregoing chapters. 
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5. Separation of Insoluble Saturated from Unsaturated Fatty 
Acids 

Tile pre.sence of unsat,uratod fatty acids in the mixed insoluble 
fatty acids is detected in the readiest manner by determining the iodine 
value of the mixed fatty acids; this method offers an additional ad¬ 
vantage in that it furnishes a measure of the unsaturated fatty acids, 
much as the iodine value of the oils and fats affords a measure of the 
unsaturated glycerides. 

If no definite iodine absorption be found, it is safe to conclude that 
unsaturated fatty acids are absent. 

The mixed fatty acids as obtained from the natural oils, fats, and 
waxes always have a definite iodine value. From it .some preliminary 
information may be obtained by reference to the following table :— 


[Table 
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Iodine Values of the InsolMe Faihj yields 
Oils and Fats 


Oil. 

Class of Oil. 

Group. 

loilinc 

Vuluo. 

210-6 

179-209-8 

144-199 

IGG 

142-7-n4-l 

lGl-9-181-8 

160-7 

161 -6 
ir.7 

Ml 

160-6 

162 

162-6 

i:.o 

118-5 

132-5.M8-2 

M9-.0 

139-1-143-8 

138-142 

139 

143-1 

134 -3 
124-131 
131-7 
1-27-3 
127-5 
121-5 
120-7 
191-193 
181-3 
174-3 
169-6 
165-1 

Pei’illa . 

Linseed . 

TungJV'™^" 1 . 

° ^.Japanese ) 
Lallemantia . 

Candle nut 

Stillin^'ia 

White iicacia . 

Cedar nut 

Carden rocket. 

Hemp seed 

Buckthorn 

Burdock . 

G^-nocardia 

Walnut , 

Liiiaria . 

Salllower. 

Kaya 

Echinopa 

Soya bean 

Poppy seed 

Maniliot. 

Millet seed 

Sunflower 

Yellow acacia . 

Para rubber tree seed 
Service berry . 

Fir seed . 

Madia . 

Strawberry seed 
Raspberry seed 
Hawthorn seed 
Currant seed . 
Blackberry seed 

Drying oils 


Cameline 

Semi-dry’ng oils 

Cotton seed oil 

136-8 

Grape seed . ^ 


group 

99-135 

Celandine 



1*27-3 

Clover, red 



126*2 

„ white . 



122-2 

Water melon . 



122*7 

Maize (corn) . 



119*6 

Wheat . 



123*3 

Beech nut 



114 

KajHjk . 



108 

Cotton seed . 



111-116 

Sesame . 



110*46 

Croton . 



111*6 

Curcas (purging nut) 



105-1 

Brazil nut 



108 

Tomato seed . 



129-6 

Mucuna . 



112-9 

Sorghum 


101*63 
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Oils and Fats—continued 


Oil. 

Cla-is of Oil. 

Group. 

Irxlitie 

Value. 

Spindle tree . 



105*3 

Garden cress . 


Rape oil eroup 

111*4 

Ravison . 



]2(j*l 

Rajie {(’nlza) 



90-103 

Rlaok Jiiustard. 



lOO-O 

White mustard 



95-3 

Radish seed 



97-1 

Jamba 



96*1 

Quince . 

Non-drying oils 


121*6 

Cherry kernel . 



* 109 

Cherry laurel . 



1121 

Aprii-ot kernel. 



103 

I’lnm kernel . 



10.3 (?) 

I’each kernel . 



91-101 

Alinniid . 



93-96*5 

Sansiuinella 



102*8 

Arachis . 



96-103 

Rice 



97--1-109 

Tea seed . 



90*8 

Tsubaki . 



83*7 

Sasanijua 



86*1 

Pistachio. 



88-0-96-2 

Hazel nut 



87 *5-00-3 

Kldorherry 



93 

Olive 



86-90 

Calophylliim . 



92*2 

Coireo berry 



89*6 

UrignaJia 



-86*5 

Paradi.se nut . 



72*3 

Sficale 



75*8 

Cauari 



67*2 

Castor 


Castor ell group 

87*93 

Cod liver. 

Murine animal 

Liver oils 

130*5-170 


oils 



Seal 


Blubber oils 

186 *.5-201 

Whale . 



131*2 

I'nrtle 



119 

Brown fish 



126 

Chrysali.s 

Terrestrial 


135*8 

Effi. 

animal oils 


72*9 

Neat’s foot 



61*9.75*8 
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loiUiui Failles of the Insoluble Fatiij Acids—continued 


Oih and Faf^—conlinucd 


Oil or Fat. 

Class of Fat. 

(troiii). 

Ciiaulmoogra oil 
group 

lo'linfi 

Valu-^. 

Oiiaultiiooijtu . 
Jljihioi^ai-piis . 
r.ukraljo . 

Vegetable fats 

S6403 

106-3 

87-8 

Laurel 

Mowrah seed . 

r<aiirel oil group 

81-8 
f)f) '6 

53-3 

56-4-57*8 

.58-4 

50*2 

51*5 

47*5 

31-6 

1*47 

42*1 

55 ■6-57-2 
41*0 
33-39 

30- 55 

31- 5 

17 

12-0 

8-4-9-3 

5*1 

Palm 

(lamboge butter 

Akeo 

Macassar. 

Sawarri . 

^lafura tallow. 

Palm oil group 

Nutmeg butter 
Ochoco . 

Myristica group 

Mkaiiyi . 

Shea butter 

Kainl'iutaii tallow . 
(!acao butter . 
('hiiiese vegetable 
tallow . 

Ilorneo tallow. 

Cacao butter 
group 

Maripa . 

Palm nut • 

Cocoa nut 

Cocoa nut oil 
group 

Kusu 

Dika fat group 

Blackcock 

Animal fats 

Scmi-dryiljg fats 

120 

Lynx 



111*8 

Marmot . 



105-6 

Poise 



84-87 

Haro 



93-3 

Rabbit (wild) . 



101-1 

Rabbit (tamo) . 


Non-drylug fats 

64-4 

Horae marrow . 



71*8-72-2 

Goose (domestic) 



65*3 

Gooso (wild) . 



65*1 

Chicken . 



64-6 

Polecat . 



60*6 

Human, adult. 



64 

Lard 



64 

Fat from wild boar . 



81-2 
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Iodine V%lues of the Insoluble Fatln Acids—continued 


Oils and Fats—continued 


Oil. 

Class of Fat 

Group. 

Iodine 

Value. 

Dog . ' . 

Wild cat. 

Domestic cat . 

Hccf marrow . 

Done 

Hecf tallow 

Mutton tallow 

K!k 

Roebuck . 

Fallow buck . 

StajF . . . 

Animal fats. 


f.0-15 

58-8 

54-8 

.55-5 

65-7-57-1 

41-3 

34-8 

31-9 

28-9 

28 •2 

23-G 

Rutter . 


Milk ffits 

28-33 

Sperm oil 

Arctic sperm oil 

Liquid wa.xea 


83-2 85-6 
82-7 

Wool wax 

Solid waxes 

Animal waxes 

17 


The above iodine values refer to the mixed insohthle fatty acids as 
prepared by the method described in Chapter III. p. 10!). Ifcnce the 
numbers given in the foregoing table do not neces.sarily stand in strict 
correspondence with tlie iodine values of the natural oils, fats, and 
waxes from which they have been derived ; for the influence, which 
soluble fatty acids, as also mono and di-glycerides in the original 
substances, exercise severally on the iodine values of the glycinides, 
disappears in the case of the mixed fatty acids. 

This will he seen at a glance on referring tp the table given Chap. 
VI. p. 406, and comparing the iodine values of mono-, di-, and tri¬ 
glycerides with the corresponding iodine values of their fatty acids, 
it follows that it is not always permis.sible to calculate the iodine value 
of an oil or fat from the iodine value of its insoluble fatty acids ; in the 
case of waxes this is still le.s3 permissible. 

If only one unsaturated acid be admixed with the saturated acids, 
and the chemical composition of the umsaturated fatty acid be known, 
it is possible to calculate its absolute quantity from the iodine value, 
with the assistance of the table given Chap. VI. p. 406. Thus if a 
given mixture of fatty acids have the iodine value 45-035, and jit bo 
known that the mixed fatty acids consist of saturated fatty acids and 
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oleic acid only, then the absolute quantity of oleic acid will be found 
from the following proportion :— 

00-07 : 100 : : 45-00.'>: x ; *^50 per cent.* 

Even if a mixture of two unsaturated fatty acids of known composi¬ 
tion, e.g. oleic, acid and liiiolic acid, be present, the respective amounts 
of oleic and linolic acids can be calculated from the iodine value of the 
mixed fatty aedds, if the absolute quantity of the solid acids (and hence 
also of the unsaturated acids) be known. 

Such information would be furnished by a method permitting the 
quantitative separation of the saturated from tlie unsaturated acids. 
The several methods proposed liithcrto for this purpose will be de¬ 
scribed under (a), (6), and (c). 


(a) Separation based on the Different Solubility of Salts of Fatty Acids 
in Organic Solvents 

An analytical process for the separation of solid fatty acids from 
liciiiid acids was first pioposed by Gusserow ; ^ yarrenlrapp ^ was the 
first to employ this method for tlic separation of oleic acid. It is 
based on the solubility of the lead salts of the liquid fatty acids (oleic, 
linolic, linolenic, etc.) in ether, in which the load salts of the higher solid 
fatty acids, e.g. stearic and palmitic, are practically insoluble, as will 
bo gathered from the following table :— 


1 -oail Salt of 

lOU C.C. of Ethor (iisflolvo 

Observer. 


Grins. 


Palniitio aeid . 

0 0184 

LidofP 

Stoarii; 

00148 

,, 

AlixrtI stu.'iric and palmitic 



aciils (iodinn value =0) 

0-0160 (at 25^ 0.) 

Twiteliidl'* 


Ill former editions the author had pointed out tliat many observa¬ 
tions made in his laborajory led him to the conclusion that lead myrist- 
ate, lead laurate, and the lead salts of still lower saturated fatty acids 
were very appreciably soluble in ether. On the author’s suggestion 
Neave made a study of the solubilities of the lead salts of caproic, 
caprylic, capric, lauric, and myristic acids, the results of which are 
given in the table Chap. 111. p. 142. There are also added therein the 
solubilities of the lead salts of palmitic, stearic, and oleic acids. 

It sliould be noted that the solubilities in ether of the lead salts of 
the solid saturated fatty acids are much increased if the ether holds in 
solution notable quantities of lead salts of oleic and less saturated acids. 
Hence the Ousserow-Varrentrapp process does not yield strictly accurate 

1 Liebig’s A nnal., 1828 (27), 163. * JbuL, 1840 (36). 197. 

^ JSerichte, 1893 (26), Ref. p. 97. * Journ. Soc. Chem. Ind., 1895, 616. 
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results, inasmuch as small quantities of the lead salts of saturated solid 
acids pass into the ethereal solution (as was shown first by Mulder *), 
whilst lead salts of unsaturated fatty acids remain partly undissolved, 
Lewhowitsch * also has shown that a complete separation of the liquid 
from the solid acids cannot be thus effected. Therefore, the separation 
by means of the lead salts should be looked upon as a partial separation 
only. 

The lead salts of the saturated as also of the unsaturated fatty acids 
are more readily soluble in drtj ether than in moist ether. If the hitter 
is used, a larger amount of lead salts of the unsaturated acids remain 
undissolved, so that the percentage of solid acids is found too high. 
Again, on using dry ether, the re.suit8 are a few per cent too low.^ 

It must further be borne in mind that the Ousserow-Varrcntrajrp 
method effects chiefly the separation of insoluble solid from insoluhle 
liquid acids, which is not tantamount to the separation Of saturated 
from unsaturated fatty acids, since the lead .salts of the solid isomerides 
of oleic acid, viz. elaidic, “ isooleic,” petrosehnic, and clicirantliic acids 
are sparingly soluble in cold ether. This is espo<'ially the case with erucic 
acid (see below). This should be remembered as in the literature on 
this subject unsaturated fatty acids are very frequently considered as 
coterminous with liquid acids. It may be added that gadolcic acid, 
melting at 24-5“ C., also yields a sparingly soluble lead soap. Gadolcic 
acid stands midway between oleic and crude acids as regards the 
solubility of its lead salts in ether. 

The solubilities of the lead salts of fatty acids would thus point to 
the poiisibility of subdividing the latter into three groups :— 

(1) Fatty acids, the lead salts of which are practically insoluble in 
ether : palmitic, stearic, aracliidic, behenic. 

(2) Fatty acids, the lead salts of which are sparingly soluble in cold 
ether : erucic, pctrosclinic, “ isooleic.” 

(3) Fatty acids, the lead salts of which are easily soluble in ether, 
especially in warm ether : oleic, linolic, linolenic, clupanodonic. 

It is obvious that a quantitative separation of the three groups 
cannot be effected, if a mixture of the several fatty adds be present, 
not only becau.se the line of demarcation covers too great a range of 
temperature, but e.specially because the solubilities of the Icail salts of 
fatty acids which in their pure state are definite, are entirely different 
ones ^ in the presence of lead salts of unsaturated fatty acids, as pointed 
out above. In a largo number of experiments made by the author on 
the lines suggested by the subdivision pointed out above (although 
quantitative results could not bo expected), it w'as possible to resolve 
complicated mixtures of fatty acids approximately into three groups, 

* Mulder, i'hc.uiM (Ur auslrocknendon Ode, 18G7, p. 44 ((Jeriuaii truiislatioii). 

* Journ. ,'ioc. C/ievi. Ind., 181)0, 845. C)). Vol. II, Chaji. XIV. “ Linseed Oil.” 

^ Fahrioii, f. nnt/ew. dheni., 1904, 1488. A table is given there showing that 
on treating tallow by the Icail-salt-ether-inethod under varying conditions, .solid acids 
were obtaineil, the iodine values of which varied from 4*3 to 12*1. 

* TliHH if only a few jier cent of solid achls be present uo lead salts will separate 
from the ethereal solution. 
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a further examination of which, by applying other methods, enabled 
the author to gain a more complete insight into the composition of such 
mixtures than was hitherto possible by the mere separation of the lead 
salts by hot ether. 

Notwithstanding its drawbacks and restrictions in its application, 
the Gnssemw-Varrenlmpp method is at priwent the best at our dis¬ 
posal and may be considered a method of separating “ solid ” from 

liquid ” acids. Tliis method has been mo<lified by several observers. 
I omit the description of those modifications which yield somewhat 
erratic results or have proved inconvenient in practical work, such as 
Oiuhnumx} Kremd’s,^ and Rose’s^ proposed modifications. The 
reader must therefore be referred to tlie original papers (or to the 
second edition of this work, i)p. ]o.3 and 191). I desejibe somewhat 
fully a combination of Muter utid dc KoiihujJde ^ modification with 
Imic's ■' suggestion, amplified by such explanatory details in working 
the method as have been found useful in my laboratory. 

Kor the separation of “ solid ” acids from “ liquid ” acids, either 
the mixed fatty acids or their glycerides may be employed. In the 
latter case three to four grins, of tjic .sanqile are saponified" in the usual 
manner with 50 c.c. of ap)iro.\iinately half-normal alcoholic ® potash in 
a 300 c.c. llask. Phenolphthalein is added, the solution is slightly 
aeiilified with acetic acid, and finally titrated with alcoholic potasli 
until neutral. The bulk of the alcohol is best driven off by distillation. 
When starting with mixed fatty acids, they are neutralised with aqueou.s 
half-normal potash. The solution is then diluted with water to about 
1(W c.c. Next 30 c.c. of a 10 per cent load acetate solution arc diluted 
W'ith 150 c.c. of water, brought to the boiling point, and gradually run 
into the soap solution with constant shaking, so that the separating 
lead soap is made to adhere to the .side of the llask, when the solution 
cools. The flask containing the lead .soa|j is filled completely with hot 
water, and then allowed to <'ool. When the li(piid has become clear, it 
is pouted off through a filter. As a rule, the solution is .so clear that no 
solid particles will be found on the filter ; should there be any, they 
must be brought back into the flask. The precipitate, in the llask is 
washed tlioroughly with boiling water, using the precaution to cool the 
hot solutions before filtAing, thus causing the lead salts to adhere to 
the sides of the flask. The last drops of water may be removed by 
means of a thin roll of filter pa])er. It is not advisable to dry the lead 
salts, as in the case of drying oils they absorb o.xygen from the air 
somewhat rapidly. Next 150 c.c. of ether are added to the lead salts, 
and the flask is corked and shaken repeatedly, so that the lead salts may 
disintegrate. The flask is then attached to a reflux condenser and 
heated on a water-bath for some little time with frequent shaking. 

‘ Jiiimt. /. pt-aH. Chem. 407. = I'liiirM. Cmimtii. (i, 33". 

•' Joitrn. SiK. ('hem. Ywt., 1887, 306. ■* 1889, 61. 

" Journ. Amcr. Chevi-. Soc,, I'’iihniai'y 1893. 

Tli« alcohol should be pure, for iinpuro alcohol is likely to lead to low Iodine values 
of the luisaturated fatty acids (Wesson and Lane, Journ. Soc. Chem. Ind., 1905, 714). 

VOL. I * 2 N 
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The lead salts of the liquid fatty acids dissolve readily in the hot ether, 
conjointly with some portions of the salts of the saturated acids. When 
tlie undissolved salts (if any) settle out at the bottom of the flask as a 
fine powder, the heatinj; is interrupted. If all operations are conducted 
somewhat rapidly, and unnecessary exposure tb the air is avoided, 
workinij in an atmosphere of an inert gas can be dispensed with. The 
ethereal solution is then allowed to cool down to the ordinary tempera¬ 
ture and filtered through a plaited filter, kept covered with a watch-glass, 
into a separating funnel. The insoluble salts are brought on .to the 
filter by washing the flask three or four times with ether, using 30 c.c. 
each time. Ttie ethereal solution is then .shaken with a mixture of one 
part of hydrocliloric acid and four parts of w.ater, in order to decompose 
the lead salts. The ether dissolves the free fatty acids as they are 
liberated, whilst the undissolved lead chloride settles out at the bottom 
of the separating funnel. After separating into two layer.s, the acid 
liquid is drawn off and tlic ethereal layer washed with small (piantities 
of water until the wash-water is free from acid. Finally, the ethereal 
solution is filtered through a small plaited filter ^ into an ordinary flask. 
In ca.se the liquid fatty acids consist chiefly of oleic acid, the result 
will be sufficiently accurate if the ether is eva])orated off on the water- 
bath and the re.siduc dried in a water oven. If, however, the presence 
of less saturates! fatty acids (as in linseed, soya bean, maize, and marine 
animal oils) than oleic is .suspected, the ethereal solution sliould be 
distilled off in a current of dry hydrogen or dry carbon dioxide. The 
flask is then immersed up to the neck in warm water, which is finally 
brought to the boiling point. Thus the last traces of moisture arc 
removed. 

This mod ns operamli has been found preferable to the use of a 
Muter tube (wliich involves making up the ethereal solution of the 
liquid fatty acids to 250 c.c., and determining tlie acids in an aliquot 
portion), as the drawing off of the etliereal solution is very apt to lead 
to errors. If it be desired, in special cases, e.g. for the subsequent 
determination of tlie iodine value of the Ihjuid fatty acids, to avoid 
exposure to the atmosphere during the weighing out of a jiortion of the 
liquid acids, the ethereal solution of the liquid fatty acids may be made 
up to a volume of 2(K) or 250 c.c. 50 c.c. are then taken out by means 
of a pipette and transferred to a stoppered bottle ; the other is evapor¬ 
ated off in a current of hydrogen or carbon dioxide. Then a standard¬ 
ised iodine solution is introduced and the iodine absorption determined 
in the lusual manner. In this case the weight of substance taken is 
best determined in another portion of 50 c.c.,^ which is treated in the 
manner de.scribed above. It will thus be .seen that at tlie .same time 
the iodine value of the liquid fatty acids can be ascertained. In fact 
this should be always done, since very valuable information as to the 
nature of the liquid fatty acids is derived from their iodine values. In 
the case of drying oils it is iniperative to drive off the ether in a current 

‘ Wesson and Lane {Joum. Hoc. Chem. Jntl., 1906, 716) recommend to use a Buchner 
filter. 

^ Cp. V. Kaunicr, Zeits. /. angew. (Jhemie, 1897, 2J0 ; 247. 
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of hydrogen or carbon dioxide, as will be gathered from the following 
numbers obtained in my laboratory by J. H. Wallcer :— 


on. 

fodiiio Value of the ra<iuld Fatty Acids. 

Ether distilled off without 
using an Indiffureut Gas. 

Ether distilled off in a 
current of Carbon 
Dioxide. 

Linseed 

2047 

209-8 

Candle nnt 

183-0 

18&7 


It is advisable to isolate the ‘‘ solid ” fatty acids fi’om the lead salts, 
and determine their weiglit. This will ]>rovide a check for the accuracy 
of the analysis, as the sum of the “ solid ” and “ liquid ” acids should 
furnisli approximately the weight of the original fatty acids. Further¬ 
more, the iodine value of the “ solid ” acids will indicate how ?nuch of 
the liquid acids has remained undissolvod. The acids may then be 
further examined by ascertaining their melting point, mean molecular 
weiglit, etc. 

It m\ist be pointed out tliat (he isolation of the “ solid ” fatty acids 
from their lead salts is not an easy operation with acids of high melting 
points (palmitic, stearic, arachidic, behenic, etc.), as the solid fatty acids 
readily occlude umlecojnposcd lead salt, so that the mineral acid cannot 
readily attack them. Hence frequent boiling ii]) is required, to remove 
the last traces of metal. The acids should not be considered free from 
metal, unless examination has shown them to yield no ash on incinera¬ 
tion. 

In order to show that only an approximate separation is effected 
by tliis method, I give iu the following table some results obtained in 
my laboratoiy by II. E. Claphani : — 


Substance. 

Weight 

used. 

0. 

Ether 

Volume. 

Temperature at 
which Ether 
Solution 
was kept, 

Liiiuid 

Fatty 

Acids. 

Per 

cent. 

Solid 

Faliy 

A<-id.s. 

IVr 

cent. 

Iodine Value of 
Acids. 

l-OKS. 

IVr 

oimt. 

Liquid. 

Soli.l. 

Cocoa iiut 

8-3821 

200 c.c. 

16“-18“ C. 

24-;5«‘ 


37 ••■if. 



oleine 

.3-3931 

200 C.C. 

15“-18'^ C, 

24-76 


35--10 



■Whale oil 

3-2791 

75 c.c. 

44"i''.=«ro. 

77-28 

19 78 

12fr,«6'' 

21-35 

2-1)4 

„ .. 

8-8124 

75 C.C. 

44^F. = 6-7°C. 

78-76 

17-98 

126-08 

1977 

3-31 


The accuracy of the results depends on the temperature to which 
the ethereal solution is cooled and also on the quantity of ether used ; 

> If the soluble aculs have not been removed by washing, they will 1 j€ found to the 
largest extent iu the ethereal solution. 

For the true iodine valuo cp. p. 5C2. 
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by varying these two factors different results are obtained. Losses 
amounting to several per cent are not easily avoidable. From the 
second series of experiments the conclusion must be drawn that too 
little ether was used, but even on employing larger quantities it is not 
possible to free the “ solid ” acids completely from the imsaturated 
acids (cp. Vol. II. Chap. XIV. “ Linseed Oil 

If larger quantities of ether be used, more of the lead salts of saturated 
acids pass into the ethereal solution. 

In place of ether, other solvents, such as petroleum ether boiling 
below 80® C. and benzene (Farnsleiner have been 

proposed. An important observation with regard to petroleum ether 
was made by La/ie,® who found that lead ricinoleatc is insoluble 
in low boiling petroleum ether. It is therefore possible to separate 
ricinoleic acid from other unsaturated fatty acids (op. below, p. 580). 
The solubilities of tlie lead salts of some fatty acids are given in Neaves 
table reproduced Chap. III. p. 142. 

Farnstf’.iner's method is based on the solubility, at the ordinary 
temperature, of the lead salts of “liquid” fatty acids in henzenCy 
wherein the lead salts of “ solid ” fatty acids are practically insoluble 
at temperatures below 8® oi‘ 12® C. At a somewhat elevated tempera¬ 
ture even these salts dis.solve in benzene, but on (moling to 8® or 
12° C. they separate out in a crystalline form admitting of their being 
readily filtered off. Thus it was found that 100 c.c. of benzene dis¬ 
solved only 0-0032 grni. of the lead salts of the solid tallow fatty acids. 
The solid acids, prepared by repeated crystallisation of the mixed fatty 
acids from alcohol, melted at 02°-br C. 

The lead salts arc prepared as described above, and tlien dissolved 
in warm benzene, using 50 c.c. of the solvent for about 1 gnu. of oil. 
On cooling to the ordinary temperature a crystalline deposit separates ; 
the solution is tiieti kept for two hours at a temperatun! from 8°-l2° C. 
The supernatant liquid is l)est syphoned off by means of a small thistle 
funnel, covered with a piece of fine calico (to retain the crystals), and 
bent twice at right angles so that it may be fitted into a suction bottle 
connected witli a filter pump. (This is ])referable to Farnsleincrs 
proposal to force out the liquid by means of air pressure.) The precipi¬ 
tate is washed with 10 c.c. of benzene at 10" C., and again dissolved in 
25 c.c. of warm benzene, cooled as before, and the solution filtered off 
in the manner described. This operation may be repeated a third time 
so that there are obtained finally from one gnu. of oil about 120-130 c.c. 
of a solution containing the lead salts of the liquid fatty acids. The 
free fatty acids are prepared as described above. 

If benzene free from thiophene be used, the method would offer 
an advantage for the determination of the iodine value of the un¬ 
saturated fatty acids, in that the solvent need not be driven off. This 
would render this process more convenient than the one described 

* Jmrn. Soc. Ckeni. Ind., 189.'>, f>15. 

^ Ibid,, 1898, 804 ; Ziitn.f. Vtilers, d. Nahnjs- n. Oenussm., 1898, 390. 

’ Joum. iSoc. Ckem. Ind., 1907, 597. 
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above, provided the quantitative results were better than, or at least 
equal to, those detailed above. The author calculated, however, from 
the data given by Farnsfeiner that the losses, after applying tlic pi oper 
corrections, amount in some cases to 5-8-9'6 p<?r cent. Hence, in the 
author’s opinion, preference should be given to the lead-salt-elher 
method. Possibly better results would be obtained if test experiments 
were made with larger (quantities than were employed by FarnsleiHcr, 
who worked with 0-5 to 1-0 grm. of mixed fatty acids. 

It should be pointed out, in view of some statements contained in the 
more recent literature on this subject, that it is impossible to generalise 
and, as has been done by some authors,^ draw the conclusion that 
because in a certain case the lienzene method yielded bettor results 
than the lead-salt-ether method, the latter should be abandoned in 
every case. It seems that so much depends on the composition of the 
fatty acids in the individual oils and fats that each case must be con¬ 
sidered on its own merits. It i.s therefore desirable that in the examina¬ 
tion of fatty acids by the foregoing methods both the lead-salt-ether 
method ami the benzene method be examined side by side. Thus 
statistical data would be gathered which might q>oint to a generalisation, 
or at least to a rule, defining whi(di groups or clashes of oils and fats 
are more satisfactorily examined by one than by the other method. 
Possibly also in the case ot the benzene method, the fra(;tionaI separation 
of the lead salts at diUerent temperatures might lead to an approxi¬ 
mate separation such as has been indicated above in setting out the 
three grouq)S of fatty acids obtained by applying cold and hot ether 
respectively (see p. 541). 

If it })e merely roejuired to isolate the “ liquid ” fatty acids for 
further examination (such as the determination of their iodine value), 
the process worked out by TorteUi and Riu^tjeri,^ combining the ad¬ 
vantageous features of the foregoing methods, should be employed. 
This method has been extensively used in the author's laboratory, 
and can be recommended as giving reliable results. Unfortunately 
the process does not lend itself to the quantitative determination of 
the liquid bitty acids. TorleUi and Riiggcri operate as follows ;— 
20 grins, of the sample are saponilicd with 15 c.c. of an aqueous 50 per 
cent caustic potash solution and 15 c.c. of 95 j)cr cent alcohol. The 
excess of caustic potash is neutralised with acetic acid, phenolphthalein 
being used as an indicator. In a half-litre flask 300 c.c. of 7 per cent 
lead acetate solution arc heated to boiling, and the soap solution is 
poured into it in a thin stream, with constant agitation. The flask is 
immersed in cold water and kejit therein for about ten minutes, again 
with constant agitation. When the supernatant litj^uid lias become 
clear, it is poured off and the lead soap washed three times with 200 c.c. 
of warm (not boiling) water. The soap is allowed to cool and the drops 
of adJiering water are taken off with filter-paper. 220 c.c. of ether are 

• Mattlitis aiul Serger, An'hiv. d. Pluirm., 1909 (247), 424 ; Mattlios aiitl Bolfzo, 
ibid., 1912 (250), 220. 

* L'Orvsi, April 1900. 



550 


EXAMINATION OF MIXED FATTY ACIDS 


CHAP. 


.then poured into the flask, the mass is thoroughly agitated, and warmed 
'in a water-bath for twenty minutes until the ether just begins to simmer ; 
the flask is shaken continuously in order to detach all soap from the 
sides and bottom. The flask is then immersed in cold water of 8“-10° C., 
and kept therein for two hours. The liquid is next filtered through a 
plaited filter into a 200 c.c. flask having a narrow neck. This flask is 
filled completely with ether, then well corked and left immersed in 
running water for twelve hours. As a rule, some precipitate will settle 
out. The ethereal solution is then poured through a filter into a 
separating funnel, and the lead soap decomposed with 150 c.c. of 
20 per cent hydrochloric acid. After running off the pi'ccipitated lead 
chloride and the aqueous solution, the ether is again shaken with 
1(X) c.c. of hydrochloric acid. The ethereal solution is then washed 
with 150 c.c. of water, and finally poured through a plaited filler into a 
flask of about 3(X) c.c. capacity. Next the ether is distilled off so far 
that 40 to 50 c.c. remain in the flask. This solution is poured into 
another flask of about 100 c.c. capacity, fitted with a good cork, and 
the flask is immersed almost completely in a water-bath. A current 
of dry carbon dioxide is then passed tlirougii the ethereal solution and 
the water-bath heated until the ether is driven off. 

The iodine numbers of the imsaturated fatty acids so prepared ai*e 
the highest found hitherto, and for that reason must be accepted as 
being nearest to the true ones. As has been pointed out already, this 
method does not admit of the quantitative separation of the saturated 
from the unsaturuted acids. Tims in Die preparation of the whale 
oil liquid fatty acids, the iodine value of which was found to bo 144*6, 
the undissolved lead .salts yielded acids liaving as high an iodine value 
as 70-0. 

A method for the separation of solid from “ liquid ” fatty acids, 
based on their different solubility in acetone at the fi‘co/ing jioint of 
water and the behaviour of their sodium and potassium suits, does not 
appear to furnish sufficiently satisfactory quantitative results to be 
treated here in detail. The reader must, therefore, be referred to the 
original paper of Fackini aud Dorta.^ 


{h) Hepaniiion hy means of Sulphuric Acid and Sulphofaity Acids 

A method of separating saturated from imsaturated fatty acids, 
based on their behaviour to sulphuric acid, was proposed by Twitchell.^ 
Whereas the saturated acids are not changed chemically by concentrated 
sulphuric acid, oleic acid and the less saturated acids combine with 
concentrated sulphuric acid to form compounds (cp. Chap. III.). 
Although the.se are completely in.soluble in petroleum ether, whereas 
the unattacked saturated acids dissolve in this menstruum, a method 
of separation cannot be based on this difference in solubility, since all 


’ C/iem. kevw, 1912, 77. 

^ Joum. Soc. Chetii. Jnd., 1897, 1002 ; cp. U.S.A. i)atcut 918,012 (1909). 
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fatty acids are more soluble in concentrated sulphuric acid than in 
petroleum ether. Better results were obtained by Twitchell when 
employing an 85 per cent sulphuric acid, which still forms a chemical 
compound with oleic acid. Tiie author, however, has sliown ^ that this 
method does not lead to quantitative results; hence it can only be 
employed for qualitative purposes. 

Lanm (cp. Vol. III. Chap. XV.} found that a dilute solution of 
Btoarosulphuric acid is capable of dissolving oleic acid from a mixture 
of saturated acids and oleic acid, the saturated acids remaining un- 
dissolved. Twitchell ^ claims the same property for na])hthaiene 
steavo.sulpliuric acid (see CJiap. II. p. 88, and Vol. 111. Chap. XV.). 
Lanza's method of separation is employed on a large scale, but an 
investigation with a view to using the reaction for analytical purposes 
has not yet been made. 


(c) i^eparation hy weans of the Awwonium iSalts 

Fahiola * bases a method of separating oleic acid from .stearic and 
palmitic acids upon the difl’erent solubilities of Cicir ammonium salts 
in alcoliol (Cliaj). Ill. p. 110). The mixed fatty acids are dissolved in 
warm ether, tlie solution treated with ammonia gas, and tlien allowed 
to cool down to the ordinary temperature. Tlie ether is eva))orated 
off, and the residue thoroughly mixed with four times its volume of 
aminoniacal alcoliol, at about 0^ C. The precipitate is filtered oil with 
the aid of a pump, and waslied witii the smallest possible quantity of 
chilled absolute alcohol. The filtrate and the washings are decomposed 
with dilute hydrochloric acid, the solvent evaporated off, and the 
liberated liquid ” fatty acids washed, dried, and weighed. The 
ammonium salts of the “ solid ” fatty acids left on tlie filter are treated 
with hydrochloric acid and the separated fatty acids determined in 
the usual manner. In two test experiments given by Falciola in 
which (lO and 49*6 per cent of oleic acid had been used, there were 
obtained 63-8 and 49-7 per cent respectively of oleic acid. The re¬ 
covered “ solid ” acids amount to 36-20 per cent and 50-3 respectively 
instead of 40 per cent and 50-4 per cent taken. The total amount 
of both liquid and solicl acids re<^ovcrcd was 102 per cent and 98 per 
cent respectively. 

David ^ also bases a method of separating “ solid ” from “ liquid ” 
acids on the solubility of the ammonium salts of the liijuid acids in 
aqueous ammonia. He claims for this method such an extraordinary 
accuracy that, on the one hand, 1 per cent of oleic acid may be 
detected when associated witli 99 per cent of solid acids, and on the 
other liand 1 per cent of a solid faUy acid in admixture with 99 per 
cent of oloic acid. David directs to dissolve 2 grms. of mixed fatty 
acids in 5 c.c. of warm 95 per cent alcohol, and to add 50 c.c. of ammonia 
at 22° C. The solution should then bo warmed until ammonia escapes. 

^ Lowkctwit-scli, Analyst, 1900, 64. Journ. Amer. Chem. tbr.., 1906, 196. 

3 ihizz. Chm. ital., 1910 (40), 217. ■* rend., 1910 fl61), 7u6. 
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The solution is allowed to stand at 14° C. (not over 15° C.) and then 
filtered when the ammonium salts of the solid fatty acids are stated 
to remain quantitatively on the filter, the ammonium salt of oleic acid 
passing into the filtrate. 

Experiments made in the author’s laboratory (by Stadler) showed, 
however, that this method is less accurate than the lead-salt-ether 
method. 

Partiieil and Ferie ^ ])roposed to separate saturated from unsaturated 
acids by means of t/ie/'r Ul/ihim- salts {cp. table, p. 131)). This method 
was described in the third edition of this work, p. 353, but is omitted 
here, as Fahrion,^ and also Farnsteiner^ have shown that the results 
obtained thereby are imtrustwortliy. 

Methods based on the different solubilities of the unsaturated acids, 
on tlie one hand, and the saturated aiuds on the other, in alcohol and 
in mixtures of alcohol and benzene (cp. Vol. 111. Chap. XV.) have not, 
up to the jiresent, yielded useful results. 


6. Separation and Determination of Individual Solid Fatty 
Acids—Erucic Acid, Saturated Fatty Acids 

The solid ” acids obtained on separating off tlie ’* ]i(|uid ” acids 
by means of the lead-salt-ether method are but rarely free from un¬ 
saturated acids. Jn the case of rape oil or mixtures containing ra ])0 
oil, the solid ” acids contain (u-iicic acid (and in the cas<‘ of marine 
animal oils, gadoleic acid). A measure of tlie unsatnrated acids can 
be obtained by ascertaining the iodine absorption of the acids isolated 
from the insoluble lead salts. As a rule the iodine value of the mixed 
“ solid ” acids, if free from erucic (and gadoleic) acid, will lie in the 
neighbourhood of 10. In this respect the following table, due to Toi tclU 
and Forlini,^ is instructive :— 

‘ Arch. d. i‘hur„i., 552. 

■ f. tiiir/i'ir. 1901, 11S2. 

/ji'i/s./. Unters. d. Ntihrijs- h. Hi nunshi.y 1901, viii. 29. 

■* (Jkem. Zd!., 1910, 690. 
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OiivK oil . 

Uapo oil . 

Olivo oil, 60 parts) 

Rape oil, 50 parts J 

Olivo oil, 70 parts) 

; Rape oil, 30 partsj 

; Olivo oil, 80 parts \ 

\ Ra}H! oil, 20 parts/ 

Olivo oil, 90 parts I 

Rape oil, 10 partsj 

ycsam6 oil 
Arachis oil 
Cotton seed oil 


“Solid ” Fatty Ackls. 


tic Vflliio. 

1 Moltiii;; Point. , 

7-8 

58-59 

62-0 

4i-42 

32-0 

47-48 

28-0 

48-49 

22-1 

50-51 

I2-S 

64-55 



9-3 

55-5(5 

130 

57-58 

190 

57-58 


For pur))os(‘s of tecliniral examination it is ])ieferable to work 
with the " soiid ” at-kls, instead of the original mixed fatty aeids. 

Experiments made by the author, with a view to removing the 
adhering nnsatiirated fatty acids l)y converting ti.em into their iodo- 
chlorides and separating the hitter by crystallisation from the saturated 
fatty aeids, have not led to satisfactory results. 

A much more satisfactory method, employed by the author, consists 
in converting the adhering unsaturated fatty acids by catalytic reduc¬ 
tion with hydrogen into saturated acids ; in most cases, i.e. when oleic, 
linolic, linolenic, and clupanodonii^ acids are present, tliere would be 
prodin-ed stearic, acid, the quantitative determination of wliich can be 
carried out (see below). If ricinoleic acid be present the product 
would be hydioxystoaric acid or stearic acid (see Cliap. III. p. 145); 
and if crucic acid be pi-csent its quantity can be determined as belienic 
acid. 


Defcruu'.Mlion of Erucic Acid 

It lias lieon noted above that the lead salt of erucic acid is sparingly 
soluble in cold ether; hence if tlie extraction of tlie lead salt be carried 
out with cold ether, tlu^bulk of erucic acid would be found with the 
solid saturated acid (cp. p. 544). If no other unsaturated acid be 
present, the determination of the iodine value of tlie solid acids would 
furnish an approximate measure of the erucic acid. In consequence 
of tlie high prices ruling for linseed oil in the years 1911 and 1912, the 
problem of detecting rape oil in linseed became prominent, and lienee 
methods of determining erucic acid, the most characteristic acid of 
rape oil, had gained in importance. Methods for this purpose were 
proposed by Holde and Marcusson on the one liand, and Tortelli and 
Forlini on the other; both metliods are very cumbersome and will 
hardly yield quantitative results. 

Torlelli and Fort ini ^ saponify 20 grms. of oil in the manner indicated 
• Ckem. Zfit., 1910, 690. 
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under lead-salt-ether ” method (p. 545), and treat the lead salts in 
the flask with 20 c.c. of common ether, warming the salts tvitli the 
ether under a reflux condenser and cooling the corked flask for one 
hour at exactly 15” C. Tlie clear solution is liltered, care being taken 
that no solid lead soap is brought on to the filter. The contents of 
the flask are treated with 40 c.c. of ether under a reflux condenser in a 
water-bath, the flask is corked and again allowed to stand one hour 
at 15” C. The solution and the insoluble soap are poured on to the 
filter through which the first solution has been filtered, and the 
residue in the flask is transferred on to the filter with the aid of 
40 c.c. of ether. Botli the “liquid” and the “solid ” acids are then 
isolated in tlie usual manner, and the " solid ” acids examined for the 
presence of erucic acid by determining the melting point and the iodine 
value of the “ solid ” acids, and the “ characteristic critical tem])cra- 
ture ” (Chap. XII.). Tortelli and Fortini lay stress on the necessity 
of using tlie exact quantity of ether stated above, and of maintaining 
exactly the temperature of 15” C. for the time stated above. This 
seems to be very important, as llolde and Marcusson ^ state that by 
prolonged treatment of the lead salt of the fatty acid, the lead salt of 
erucic acid passes entirely into the ethereal solution. Tlius when 
3 grins, of the mixed fatty acids of rape oil had been treated with 
85 c.c. of dry ether, after stamling overnight, only a small (piantity of 
lead salt had remained insoluble. Worse still were the results in the 
case of a mixture containing 80 per cent of linseed oil and 20 ])ei‘ cent 
of rape oil. 

Holde and Mammon propose the following process :— 

20-25 grms. of the mixed fatty acids are dissolved in doulile the 
volume of 96 per cent alcohol, and cooled to - 20” C. in a wide test-tube, 
whilst the mass is stirred witli a glass rod. The residue wliich separates 
consists preponderantly of saturated fatty acids; it is sucked ofi on a 
filter at a temperature of - 20” C. and is slightly washed with cooled 
alcohol. The filtrate is evaporated to dryness and the residue again 
dissolved in four volumes of 75 per cent (by volume) alcohol, and again 
cooled to - 20” C. In the presence of erucic acid, after about one hour 
a crystalline prcci])itate will settle out, which after sucking off with 
the aid of a filter-pump and washing with cooled 75 per cent alcohol, 
i.s white and consists, to the largest extent, of erucic acid. This is 
dissolved in warm benzene or ether, the solution is evaporated down, 
and the mean molecular weight, the melting point, and the iodine value 
of the fatty acid determined. In case the proportion of erucic acid 
be very large, part of the erucic acid is found with the saturated fatty 
acids. 

Possibly a combination of the two methods described may lead to 
better results than each individual method is capable of yielding. 

Much better results are obtained by a method worked by the author, 
details of which have not yet been published. The author reduces 
either the total mixed acids or the “ solid ” acids catalytically with 
hydrogen in the presence of nickel, when erucic acid is converted 
• ’Adts.f. ani/ew. Chem., 1910, 1260. 
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quantitatively into behenic acid. Tlie importance of the determina¬ 
tion of beheinc acid will be dealt with in Vol. 11. Chap. XIV. “ Marine 
Animal Oils,” and Vol. III. Chap. XV. “ Hydrogenised Fats.” 

Since oleic, linolic, linolenic, and clupanodonic acids have been 
removed a.s lead salts almost completely by cold ether, the only 
remaining unsatiirated acid would be erucic acid. Its reduction 
product, viz. behenic acid, could then be determined by the method 
described below under stearic acid, when (stearic acid and) behenic 
acid will remain undissolvcd. The separation of behenic acid from 
stearic acid may be carried out by crystallisation from alcohol, etc. 
(see below), but it is sufficient in most cases to determine the mean 
molecular weight and calculate therefrom the respective amounts of 
behenic and stearic acids. Any stearic acid present at the outset can 
be determined as such and accounted for in the final result. 

Laboratory apparatus suitable for catalytic hydrogenation has 
been proposed by Skiia ^ and by Voswinckel.^ 


tiolid Saturated Acids 

The resolution of the mixed saturated fatt}^ acids which occur in 
the natural oils, ta(s, and waxes into the individual acids is a very 
complicated problem, which can only be solved satisfactorily by adopt¬ 
ing the strictly scicfitific methods described in Chapter XJI. With 
regard to Heliitz's method, described in Chaj). XII., it may be pointed 
out here that it would only seem to apply to a nii.xturo of two fatty 
acids, as, according to Holde,^ the presence of a third saturated acid 
of higli melting point may lead to uncertain results. 

Better results may, however, he expected by converting the fatty 
acids into their methylcsters, and distilling tliesc fractionally (cp. 
Chap. XII.). 

For technical purposes, these methods are too complicated in their 
present form. Valuable information may, however, be obtained by 
determining tlm mean molecular weight of the fatty acids (cp. Chap. 
Vlll. p. 512), and esj)cciaily the melting point (see Chap. III.). An 
approximate method of sej)aratuig the fatty acids of a higher melting 
point than that of stearic acid is alTordcd by fractional crystallisation 
from alcohol. Carnauhic, cei'otic^, montanic, and melissic acids arc 
practically insoluble in strong alcohol at the ordinary temperature; 
arachidic acid is sparingly soluble in !)0 per cent alcohol, and practically 
insoluble in 70 per cent alcohol at the ordinary tcmpei ature ; behenic 
and lignoceric acids are slightly less soluble tho,n arachidic acid. The 
acids enumerated here may therefore be separated from the saturated 
fatty acids low'er than stearic acid, and even including stearic acid, 
by judicious treatment with alcohol. Freliminary experiments made 
by the author in this direction established the correctness and approxi- 

* A. iSkita, Vber katalylische licUuclionen organiscticr Verbindungtn, 1912. 
Stut^art. 

^ H. Voswiiickel, (Jhem. Zdl., 1913, 489. 

8 Bmchte, 1906, 1248. 
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mate reliability of the method for the purposes of technical analysis. 
Such methods are already in use for the detection of stearic acid in the 
presence of cerotic acid (see Vol. II. Chap. XIV. “ Beeswax ”), as also 
for the presence of aracliidic acid (see Vol. If. Chap. XIV. “ Arachis 
Oil ”) in admixture with other acids. 

Gsell ^ stated that by treating a mixture of stearic, palmitic, inyiistic, 
lauric, capric, caprylic, and oaproic acids in dilute ethereal solution 
with acetyl cliloride, the first four acids form their normal anhydrides, 
viz. stearic, palmitic, myristic, and lauric anhydrides, whereas the last 
thiee acids yield mixed anhydrides of acetic acid with capric, caprylic, 
and caproic acids respectively. On warming the mixture of the normal 
and mixed anhydrides with pyridine, and jiouriiig tlie pyridine solution 
into a large quantity of water, the normal anhydrides, being insoluble 
in water, separate out, whereas the mixed anliydiides are stated to 
remain in aqueous solution ; hence they can bo separated from the 
undissolvcd anhydrides. For tlie further separation of cupric, caprylic, 
and caproic acids by means of their acid chlorides in a 10 per cent 
solution of methylamine, wherein capric acid is insoluble, and for the 
subsequent separation of caprylic and caproic acids l)y nuians of their 
strontium salts, the read(u must be referred to the original pa])er. 

A confirmation of OselVs statements would scotn to be desirable, 
all the more so as the jiresent author- did not obtain a mixed anhydride 
when treating capric acid with acetic anhydride. 


{a^ Defcrmiiinlion of Beheiiic Acid 

Behenic acid is characterised by its comparative insolubility in 
cold alcohol. It woidd separate out together with stearic acid (sec 
below). Its approximate determination is carried out as indicated 
under “ Determination of Krucic Acid.” 

(/>) Dcferiiiinution of Arachidic Acid 

The approximate determination of arachidic acid (frequently 
required in the examination of olive oils suspected of containing arachis 
oil) is carried out by Renard's^ process based on the sparing solubility 
of arachidic acid in 00 per cent alcohol. The crude arachidic acid so 
obtained contains lignoccric acid but no stearic acid. The accurate 
determination of aracliidic acid depends on the strict observance of a 
number of details, which will be fully described in Vol. II. Chap. XIV. 
under “ Arachis Oil.” For the detection of arachidic acid in 
“ Hydrogenised Fat ” cp. Vol. III. Chap. XV. 

(c) Determination of Stearic Acid 

On triturating the mixed fatty acids from a solid fat with dilute 
alcohol of specific gravity O'Oll in a mortar, tlie unsaturated fatty 

^ C’hm. Jieil., 1907, 100. ^ Lewkowitsch. Pruc. Chew, iyoc., 1890, 91. 

^ C'oinpt. rend. 78, 1330. 
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acids are almost completely dissolved; palmitic acid is partially 
dissolved, wliereas stearic acid remains almost completely undissolved. 
In an actual experiment the mixed solid acids so obtained had an 
iodine value of only 2-3. 

Far better results are obtained in many cases by treating the mixed 
fatty acids of an oil or fat with an alcoholic solution of pure stearic 
acid, saturated at 0*^ C. Hehner and MifeheU,^ proceeding on tlic lines 
suggested by David,^ showed by a series of experiments, carried out 
on pure stearic acid and on mixtures of stearic acid with (a) saturated 
acids lower than palmitic; (5) palmitic acid; (c) crude oleic acid; 
(d) mixed fatty acids from lard fatty acids, that stearic acid is left 
undissolved and cun be determined quantitatively with accuracy. 

Ilchner and Mitchell worked with a solution of stearic acid prepared 
by dissolving about 3 grms. of pure .stearic acid in 1000 c.c. of w'arm 
(methylated*) alcohol of specific gravity 0-8183 (containing 94-4 per 
cent of alcohol by volume) in a stoppered bottle. The bottle i.s im¬ 
mersed up to the neck in ice-water (well protected against radiation of 
heat), and allowed to stand in the ice-water overniglit. After twelve 
hours, the mother li(|uor is syphoned ofT—without removing the flask 
ffO]u flic icc-water—by means of a small tliistle funnel immersed in the 
alcoholic solution and covered with a piece of fine calico (so as to retain 
the s('})arat(‘d stearic acid crystals in the flask). TJ)e funnel is twice 
bent at right angles, and is best fitted into a suction l)ottlc, so that the 
clear liquor can be drawn off by moans of a filtcr-]mmp. 

0-5 grm. to 1 grm. of the mixed fatty acids, if solid, or, if liquid, 
5 grms., are weighed accurately in a flask and dissolved in 100 c.c. of 
the above alcoholic stearic aci4l solution. The flask is placed in ice- 
water overnight, the mixture is agitated the following morning while 
tlie flask is still ke})t in the ice-water, and allowed to stand for at least 
half-an-hour in the ice-watev in order to promote crystallisation. The 
ah’ohol is then filteied off as described above, care being taken to draw 
off the .solution as completely as jrossiblc. The re.sidue in the flask is 
washed three times in succe.ssion with 10 c.c. of the alcoholic steaiic 
acid solution, previously cooled to 0° C. Tlic crystals adhering to the 
calico of the thistle funnel arc washed with hot alcohol into the flask, 
the alcohol is evaporated off, the residue dried at 100'^ C., and weighed. 
Hehner and MitchcJl atlvise to take the melting point of the acid, w'hich 
should not be much below C. The authoi' considers it necessary, 
in case the melting point be found too low, to treat the residue once 
more as described above. 

As the walls of the flask and also the undissolved crystals retain 
a small quantity of the alcoholic stearic acid solution, a correction 
must be applied, which Ilchner and Mitchell found in their experiments 
was O-OOf) grm.; this must be deducted from the total weight of the 
residue found. 

The author’s earlier experience led him to recommend this method 


* Analyst, 189(5, 821. 

- Cmpt. rend. 88, 141(5; Jonrn, Vhem. Av. 34, 1011. 

^ For rensous giv«u below, inethj'lftted spirit shouM not bo used. 
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as giving reliable results in the cases represented by the mixtures with 
which Hehner and Mitchell worked. In confirmation thereof the 
following numbers found in the author’s laboratory may be given :— 


Proportion of Stearic Acid in Oils and Fats {Ijewkowitsch) 


Palm oil, bleached . 
Palm oil, raw (Bassa) 
Butter fat 
Cocoa nut oil . 

Bono fat 
Lard . 

Tallow, seveiaJ sainplo.s 
Shea butter . 

Cacao butter . 

Suriri fat 
Mowrah aoed oil 
Illip6 oil 


I’or cent. 

0-71 ; 0-72 
0-53 
0-10 ^ 
0-09 
2-94 
()-24 0l 
21-22 
7-37-3 


68-2 

13-2.7 

12-20 


Hehner and Mitchell theinsclvos had sliown that this mctiiod breaks 
down with mixtures of Japan wax fatty acids and pure stearic acid. 
In some cases tlie latter could only be recovered partially, whereas 
in other cases none at all was obtained. 

More recent experience of ttie author has sliown that this method 
yields entirely unreliable, or at best capricious results in a large number 
of cases where mixtures of stearic acid with acids other than palmitic 
and oleic are present, hlven if only palmitic and oleic acids be present 
in widely different proportions from those found in tlie oils and fats 
enumerated in the foregoing table, the results are .still very capricious. 
To take one of many examples, in tlie case of cotton -seed oil fatty acids 
it was impossible to detect stearic acid by tliis test, even if 5 or 8 per 
cent of pure stearic acid had been added to the mixed fatty acids. The 
same observation has been recorded by Emerson.'^ On tlie author’s 
suggestion, Emerson^ by means of the lead-salt-ether method, resolved 
the mixed fatty acids of cotton seed oil into solid and liejuid acids. 
The former gave no crystals in the stearic acid test (cp. Vol. IT. Chap. 
XIV. “ Cotton Seed Oil ”), but added stearic add could be recovered, 
and, curiously enough, more was found than had been actually added. 

This last result may be explained by the observation first made 
by Kreis and Hafner^ (and confirmed by Emerson) that stearic acid 
forms supersaturated solutions (sec Chap. III. p. 163). To this cause 
must be ascribed the fact that Hehner and Mitchell found the solubility 
of stearic acid in alcohol at 0" C. to be much greater than did Kreis and 
Uafner (and Emerson)^ although the employment of methylated spirit 

^ This niu»t not, however, be taken to be stearic acid. The iiisoluVdo. acids consist 
probably to some extent of a mixture of arochidic ami myvistic acid.s (cp. Vol. II. 
Chap. XIV. “ Butter Fat”). 

^ * Private coiumunication. 

* Xdts. f, {Infers, d. Nahrgs- a. Oenussm.f 1903, vi, 22. 

JouTJi. Anier. Chem. Soc., 1907, 1751. 
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by Hehner and Mitchell may to some extent account for the discrepancy. 
In the author’s experiments pure alcohol of specific gravity 0*8183 was 
used in order to eliminate such errors as must be caused by the presence 
of tlie denaturant in methylated spirit. 

Emerson showed that the formation of supersaturated solutions is 
avoided if the stearic acid solution, required for the determination, is 
prepared witli 7 gi*anis of stearic acid per 1000 c.c. of alcohol (cp., 
however, p. 163). 

This explains satisfactorily why in some experiments the amount 
of stearic acid found was too Iiigh, but it docs not explain those cases 
within the author’s experience in which too small an amount of stearic 
acid, or even none, was obtained. Thus fatty acid mixtures containing, 
besides stearic acid, large ju’oportions of lauric acid, would not yield 
any, or at least not the full amount of stearic acid present, even after 
the “ liquid ” acids had been removed, or even where supersaturated 
solutions of stearic acid were used. Again, in other cases within the 
experience of the author, duplicate exjrerimcnts made side by side 
under identical conditions yielded so widely differing results that no 
reliance whatever could be placed on those determinations. A number 
of such capricious cases noticed by the author are still under investi¬ 
gation.^ 

Due caution must therefore be observed in the application of this 
method to the examination of products not specifically mentioned in 
the foregoing lines; even in some of the cases mentioned there, most 
capricious results were obtained in duplicate experiments. 

A solid acid, even if it have a melting point of 68® C., should not 
be looked upon as consisting of stearic acid, as of course all higher 
melting acids (if present), such as arachidic, behenic, etc., will be found 
in the separated acid (cp. Vol. II. Chap. XIV. “ Cotton Seed Oil ” and 
“Arachis Oil”). It is therefore advi.sable to determine the mean 
molecular weight of the separated solid acid. The appearance of the 
crystals also affords some guidance. 


{d) Determinatiun of Palmitic Acid 

i 

A direct method for the accurate determination of palmitic acid 
when in admixture with other solid acids is not yet available. If, 
however, as is frequently the case, a mixture of stearic and palmitic 
acids only be given (candle material), its content in palmitic acid can 
be ascertained by determining the amount of stearic acid as described 
in the preceding paragraph, and deducting the weight found from the 
original weight. If the mixed acids contain unsaturated acids, it 
is necessary to determine the iodine value and calculate to oleic acid; 
in most cases this will be sufficiently accurate (see below). Less 
accurate numbers is the calculation of the proportions of the two acids 


^ Cp. also Berg, Ohem. Zeit., 1908, 777. 
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from the mean molecular weight of the mixed acids, in the manner 
shown in Chapter XI. 

A method, suggested by Kreis and Hafner, for the separation of 
palmitic acid from stearic acid will be described in Chapter XII. 

7. Determination of Oleie Acid in the absence of other 
Unsaturated Fatty Acids 

If the insoluble fatty acids contain no other unsaturated acids 
than oleic acid, then its quantity can be calculated from the iodine 
value of the mi.xed fatty acids, as shown above (p. 542). If a mixture 
of oleic, palmitic, and stearic acids be given, each com])oncnt of the 
mixture can be determined quantitatively as follows : bet I be the 
iodine value of the mixed fatty acids. The percentage of oleic acid, 
X, is then found as follows :— 

90-07: 100; : / ;r; 

The proportion of stearic, acid is next ascertained by the method de¬ 
scribed above. By deducting the sum of tlic percentage.s of oleic acid 
and stearic acid, the proportion of palmitic acid is found ; the identity 
of this acid should also be established. The ciilculatiou from the 
iodine value and the mean molecular weights, as illustrated by the 
example given in Chapter XL, would be less accurate. 

Less accurate still is a method {Damd based on the greater 
solubility of oleic acid in a mixture of alcohol and acetic acid as com¬ 
pared with the solubility of palmitic and stearic acids. Tliis method 
was described in the second edition of this work, p. 197. 

8. Detection, Separation, and Approximate Determination of 
Individual Liquid Fatty Acids — Oleic, Linolic, Linolenie, 
Clupanodonic 

In a preliminary operation the ‘‘ liquid ” fatty acids must be separ¬ 
ated from the “solid” acids by the lead-salt-etlier method. The 
author recommends the following modus operandi :—The quantity of 
liquid fatty acids is first determined approximately in 3 to 4 grms. 
of the mixed fatty acids or of the original oil by the method described 
p. 54"). Then, in a fresh experiment, a larger quantity of li<[uid fatty 
acids is prepared by Tortelli and Ruggeri’s method. 

The next step is to determine the iodine value of the isolated liquid 
acids, so as to gain a preliminary insight into their composition. This 
will be readily obtained by referring to the table given in Chapter VI. 
p. 406, and in this chapter, p. 539, and by consulting the following 
table, in which I collate the iodine values of the liquid fatty acids 
derived from a number of commercial oils and fats :— 


C'ompt. rend. 86, 1416. 



THi 


iODINB VALUES OF LIQUID FATTY ACIDS 


Iodine J (dues of Lujuid Faity Acids derii-ed from 


Oil. 

j Cla.ss or(,)i!. 

I (irouj.. 

1 loiJjiie Value. 

Linseed 

Ttiiig, C'liiiiese 

L’juidifi lint . 

Stilliiigia 

Lo'Ihi' nut . 

Walnut 

SalHowcr 

1 Soya lie.'in 

Tojipy good . 

Manihot 

Millet seed . 

Nlgr-r seed . 

Suidlower . 

Para rubber seed . 
RHs)i])erry .seed 
niackbi'rry see<I . 

1 lied Currant 

Drying oils 


1 190-209-8 

1 1797 

185-7 
178Myi 

184 

167 

H0-5*15l).fl 
181 (?) 

160 

163 6 

146- 3 

147- 5 

1.64-3 

154-2 

185-9 

163 -2 

190-1 

Catiielino 

Cia|.e seed . 

Semi.drying oils 

Cotton seed oil 

165-4 

Maize (coni) 


group 

1517 

Persiimiion seed . 



140-144 

Cotton .seed . • 



131-5 

Sosanni 



147-1.61 

Sorgliuni 



129-139-9 

____ 



I4S'I 




— 

Rape (eolza) 


i.apo oil gioiiji 

124-2 

Biaek mustard seed 



121-125 

Wliito mustard .seed 



119-8 

_ 



103 1 

Quince 

Cln-rry kernel 

Non-drying oils 


132-1 

Aprieot kernel . 



1247 

Plum kernel 



111-5 

Peach kernel 


1 

98-6-102-2 

Almond 



I0MMO4-1 

Aracliis , 



101-7 

Rico . 

c 


105-128 

Tea seed 



1307 

T.subak i 



99-6-101-4 

Sasamjua 



89 

Pistacliio 



92-9 

Iia/.el nut . 



105-8 

Elderberiy 



91-3.98-8 

Olive , 


12Cf 

Calopliyllnm 



93-112 

Senega i-oot 



114-5 

Sccale . 



82-4 

Canari. , 1 



104 




110-4 

Castor. 


---- 


L - 

_L 

Castor oil group 

106-9 


VOL. I 
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Iodine VaJues of Liquid Fatty Ac'uU derived from—continued 


Group. 

Iodine Value. 

Fish oils 

197*4 

Liver oils 


Blubber oils 

144*7 


178*73 

02-2-927 


9.5 ^-Of)-2 
103-105 


108 

94*7 

94-9(>-2 

97-G • 
134-5; 139 

91-0-99 
82-4 
103*2 

Myri.stica group 

93*5 


97*04 

Cocoa nnt oil 
grouj) 

44-48* 

22-32* 

36-3* 


92*1 

92*1-104 

92-115 

92*4 

92*7 


Oil or Flit. 


Class of Oil or Fat. 


Sivlinon 

Cod liver . 


M.U'ino aitiiual oils 


Whale. 


Chrysalis . 
Tallow nil . 

Lard oil 

,, ,, (Kuropi'an) 

,, ,, (Aniia-iean) 


Carapa 

,, grajidilkn’ii 
Nux vomiea 
Baobab 
Niaiii . 

Balm . 

Akee . 

Macassar 


Nutmeg butler 


Vegetable tallow . 


Palm kernel 
Cocoa nut . 

,, olein 


Unman fat . 
Lard (Enrojioaii) 
,, (American) 
Beef tallow . 
Mutton tallow 


Terrestrial anima 
oils 


Vegetable fats 


Wallenstem and Finch ^ proposed to term the iodine value of the 
liquid fatty acids the “ inner ” or “ absolute iodine number ” of the 
oil. As it appears undesirable to multiply the number of terms that 
require a definition, I shall adhere in this work to the denomination 
“ iodine value of the liquid fatty acids.” 

^ The low iodine values are, of coiir.se, duo to the presence of saturated fatty acids of 
low molecular weight, the lead salts of which are soluble in etlior. 

^ Jour)i. Soc. Vhem. fntl., 1895, 78. 
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{«) Mixture of Oleic and Linolic {Elmmargaric, Eheostearic) Acids 

If the mixed liquid fatty acids consist of oleic and linolic acids only, 
their respective quantities in the mixed liquid fatty acids can be calcu¬ 
lated, and by referring these quantities to the amounts of original mixed 
fatty acids, or oi’iginal oil or fat, the absolute quantity of oleic and 
linolic acids can be ascertained. Tlie assumption that these two 
unsaturated acids alone need bo considered will most frequently hold 
good in those cases where the absence of linolenic acid has been jiroved 
by one of the method.s described below. Let x be the proportion of 
oleic acid and y the proportion of linolic (clocomargaric) acid, and / 
the iodine value of the mixed liquid fatty acids. Since the theoretical 
iodine values of oleic and linolic acids arc 00-07 and 181-42 respectively, 
we have the following two e<}uations 

a: 1-7/—100, 

.0007J- ]81-42//_. 

100 KM) ' 

From these two e<|uations x and y can be calculated, and, as men¬ 
tioned already, the figures so obtained may be referred to the total 
mixed fatty acids or to the original oil or fat. 

The calculation of the respective quantities of oleic and linolic 
a(“ids from their neutralisation numbers or their mean molecular 
weights would in this ca.se obviously load to unreliable results, since 
their respective molecular weights, 282 and 280, lie very near to each 
other (cp. Chapter XL). 


(h) Mixture of Oleic., Linolic, LinoUnic, ami Clupanodonic Acids 

The detailed examination of the liquid fatty acids is somewhat 
complicated. Haznra’s ^ investigations suggest the application of the 
foilovying two methods :—1. Detection and identification of the liquid 
fatty acids by means of their oxidation products. 2. Identification of 
the liquid fatty acids by means of their bromo-derivatives. The first 
method refers to oleic, liih>lic, and linolenic acids only, as the oxidation 
products of clupanodonic acid have not yet been studied. 


1. Isolation of the Oxidation Products of the LAquid Fatty Acids 

This metliod is based on the oxidation of the liquid fatty acids 
by means of a dilute alkaline solution of potassium permanganate. 
Hazura and Griissner stated, as the outcome of Saytzeff’s and their own 
researches, the following general rule:—AH unsaturated fatty acids, 
when oxidised with potassium permanganate in dilute alkaline solution, 

> ifonatsk. f. Ghon., 1887, 147; 166; 260. 1888, 180; 190; 469;‘478 ; 944; 
947. 1889, 190. 
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have as many hydroxyl groups added as there are unsaturated valencies 
in the molecule, and yield as oxidation products saturated hydroxylated 
acids containing the same number of carbon atoms. A list of the 
hydroxylat-ed fatty acids obtained by tliis mctliod has been given 
already in Chapter HI. p. 224, followed by a description of the individual 
hydroxylated acids. In the examination of the majority of drying 
oils the oxidation products of oleic, linolio, and linolenic acid(s), viz. 
dihydroxystearic, sativic, and linusic (isolinusic) acids, must bo 
ex])ected. 

It has not yet been decided experimentally whether clupanodonic 
acid yields hydroxylated acids ; it would appear, however, that clupano¬ 
donic acid does not conform to the above rule, being broken down to 
lower fatty acids. 

The oxidation })rocess is carried out in the following manner ;—30 
grins, of liquid fatty acid.s are neutralised with 36 c.c. of caustic potasli 
of 1-27 specific gravity. The resulting soap is dissolved in 20(X) c.c. of 
water, and an ec^ual volume of a 1-i per cent solution of potassium 
permanganate is added in a tliin .stream witli (;onstant stirring. The 
solution is allowed to stand for ten minutes, and as mueh of a sulphurous 
acid solution added, with continuous agitation, as will dissolve all the 
precipitated hydrated manganese peroxide, and impart to tlie solution 
an acid reaction. Dihifdroxysteark and sativic acids are precipitated 
(A), wlicrcas livmic ami isolinusic acids remain dissolved (H). 

The precipitated acids (A) are first washed witli a little etlier, in 
order to remove some of the original liquid acids that have escaped 
oxidation, and then extracted witli largo (juaiitities of ether at the 
ordinary temperature, 2()()0 c.c. of ether being nse<l for every 20 grins, 
of the precipitate. The ethereal solutio)i, containing dihydroxystearic 
acid, is evaporated down to 150 c.c. ; on cooling, crystals are obtained 
which, after recrystallisation from alcohol, can he identified as di- 
hydroxystmric acid by their habitus, melting point, molecular weight, 
and acetyl value. The portion whieli is found to be insoluble in tlio 
cold ether is boiled out rej)eat(!dly with large (piantities of waler.^ Each 
((uantity is filtered off hot and allowed to deposit crystals on cooling. 
Each crop of crystals is examined .separately. Sativic acid can be 
identified by its melting point and crystalline form. Any insoluble 
acid represents dihydroxystearic acid wliich 7iad not been dissolved by 
ether. 

The acid filtrate (B) is neutralised with caustic potash, boiled 
down to one-twelfth or one-fourteenth of its original volume, and 
acidulated with sulphuric acid. The precipitate, consisting of a brown 
flocculent mass, Ls dried by exposure to the air and treated with ether, 
which dissolves azelaic acid and other secondary acidic products of 
oxidation. The insoluble portion is tlicn crystallised, first from alcohol 
and then from water. Isolinusic and linusic acids are recognised 
by their melting points and crystalline forms; isolinusic acid presents 

• H. Meyer and A. Eckvrt {Afonaisk./. Cheui., 1910 (31), 1243) coii.sider this pro¬ 
cedure as too cumbersome, and prefer to extract with liot 30 per cent alcohol, from which 
considerable quantities of acid separate out on cooling. 
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under the microscope characteristic needles, and linusic acid obtruncated 
rhombic plates. To effect a separation of the more soluble isoliuusic 
acid from the less soluble linusic acid, the mass is recrystallised from 
a moderate (quantity of water. By weighing the several acids thus 
obtained, the quantitative composition of tlie liquid acids may be 
estimated approximately. 

A synopsis of the preceding operations is given by tlie author in 
the following table :— 


Ihjdroxylakd Acids 


A. FrfciiJitaLL*. 

B. FiltraLa 

a. Soliiblo in Etliev. 

h. Insnlnble in ELlier. 

a. Easily Solubift in 
WiitHr. 

h. Sparingly Suliihle 
in Water. 

Dihydroxystearic 

ai;ia. 

Sativic acid 

Isoliiiitsic acid 

Linusic acid 


Tlic following table summarising some of the properties of the four 
acids and their barium salts, lias been compiled by the author, .so as to 
assist tlie reader in mapping out another meBiod of separation :— 


[Table 










ojttUMu-uttmvAnvjsia uif lk^uiu AUit>» yu< 

In the case of cod liver oil fatty acids, Heyerdahl found that, under 
the conditions described above, oxidation proceeds too far, no more 
than 2 grms. of hydroxylated acids having been recovered from 50 grms. 
of crude acids. (Evidently the clupanodonic acid in cod liver oil is 
very readily broken down to fatty acids of lower molecular weiglit.) 
Good results, however, were obtained when the oxidation was carried 
out with a half-saturated solution of potassium permanganate at the 
temperature of the freezing point ^ of water. 


For the oxidation of unsaturated fatty acids of high molecular 
weight, sucli as erucic (and brassidic) acid, a large excess of caustic 
potash must be used. 


The foregoing method can only be employed as a (jualitative one, 
since oxidation proceeds beyond the stage of hydroxylated acids, 
dibasic acids and aldehydes being formed. The method will be found 
especially useful, if it be de.sircd to prove the presence of oleic acid by 
isolating the dihydroxy.stearic acid thus obtained. 

The apj)hcation of the oxidation method to the total mixed liquid 
fatty acids (con.sisting of a mixture of oleic, linolic, and linolenuj acids) 
is, however, not advisable, as the less saturated fatty acids arc attacked 
first and a considcraolc quant,ity of oleic acid escapes oxidation.^ Thus 
Hazura found in tlie mixed liquid linseed fatty acid, judging from the 
amount of dihydroxy acids obtained by oxidation, 4-5 per cent of oleic 
acid only, whereas Fahrion obtained by the same method a much larger 
yield of dihydroxystearic acid, leading to about 15-20 per cent of oleic 
acid, he having first separated off the bulk of linolic and linolenic acids 
by a method simulating the oxygen absorption method (impregnation 
of ciiamois leather witli oil) described in Chap. Vll. p. 474. 

This method consists in impregnating purified cotton wool (cp. 
“ Wool Oils,” Vol. III. Chap. XV.) with the mixed fatty acids and 
exposing tjic material for a period of fourteen days to the atmo- 
sphere, the material being frequently turned over. The material is 
tiicn treated with alcoholic potasli and the unoxidised fatty acid is 
separated off by the method described under “ Oxidised Fatty Acids ” 
(Chap. VIII, p. 581). The fatty acids soluble in petroleum ether are 
then separated by the lead-salt-ethcr method into solid and liquid acids. 
The latter consist preponderantly of oleic acid and smaller quantities 
of less satiu’atcd acids, the quantity of which can be ascertained ap¬ 
proximately by determining tlie iodine value of the liquid fatty acids 
and applying the bromination method (see below). 

The dihydi’oxystearic acid obtained by oxidising the liquid acids 
may be calculated to oleic acid, bearing in mind, however, that oven 
pure oleic acid yields only about 60 per cent of dihydroxystearic acid 
(cp. p. 182). 

^ Cp. also Bedford, Ituiug. Dissert:, Halle a/S, 1906 ; Kriifau, Chem. Herue, 1908, 7. 

Falirion, Zdis.f. angew. Chem., 1910, 722; 1108. 
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For the detection of linolic, linolcnic, and clupanodonic acids the 
bromination method will be found preferable. 


2. Imlation and Determination of the Bromo-derimtires of Liquid 
Fatty Acids 

The method dc.scrihed in the following lines is based on the different 
.solubilities of the several bromo-derivative.s. It will be best followed 
by e.xauiininf' the followiiif' table, in which I collate our present hnow- 
ledffe of the bromides of the un-saturated tatty acids, having .sixteen to 
twenty-two carbon atoms in their molecule. 


[Table 



Broi7u>-derivative$ of U rsaturat ed Fatty Adds 


VIII 


beomo-derivatives of liquid acids 
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The bromination test can be applied to the total mixed fatty acids 
without it being required to separate the “ solid ” from the “ liquid 
acids. The mixed fatty acids are brominated in the same manner as 
has been described above in the bromide test (cp. Chap. VII.)-0*3 
grm. of the fatty acids are dissolved in glacial acetic acid, and the 
solution is cooled in a corked flask to 5'^ C. The further treatment is 
identical with that described p. 476.^ 

The ether-insoluble bromo-dcrivatives consist either of octo-bromido 
or of hexabromide or of a mixture of both. An octobromide is charac¬ 
teristic of fish, liver, and blubber oils, whereas a hexabromide is charac¬ 
teristic of vegetable drying oils. 

Ifor the quantitative determination Hehner and Mitchell recom¬ 
mended to remove completely any dibromide, and then to determine 
the proportion of bromine in the crude bromo product, which in the case 
of vegetable drying oils would consist of a mixture of hexabromide and 
tetrabromide. Since a hexabromide contains theoretically 63-32 per 
cent of bromine, and a tetrabromide 53-33 per cent, the respective 
amounts of acids can be calculated from the following two eejuations :— 

x-fy-lOO, 

100 100 ’ 

in w'hich x is the percentage of hexabromide, y the percentage of tetra¬ 
bromide, and B the percentage of bromine in the crude bromides. 

The following table contains a number of determinations of ether- 
insoluble bromides from mixed fatty acids (cp. also Vol. 11. Chap. XIV. 
“ Marine Animal Oils ”), carried out according to the above described 
method: ^— 


* C|t. al.it) Tsiijimoto, Jmiru: Cdl>>ge. En'jin., Tokyo, 190(), vol. iv, 1. ; Procter anil 
Beimett, Journ. tioc. t'hem. /ml., IDOU, 800;' Iliilplifii, Hull. Soc. t'him. de France, 1907 
(iv.), 1, 280. The modifications .siij^cstecl hy Procter atnl Bennett are considered as 
supcrfluoii.H by L. M. Tolnian {Journ. Ind. and Fn>/. Chem., 1909, 341). 

2 Cp. Vol. II. Chap. XIV. “ Perilla Oil.” 
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i 

Yield of Bllier-lnsoluble 



i Kind of Oil. 

Hroinide from Fatty Acids. 

Observer. 


i 

Per cent. 



Porilla .... 

58-3* 

Meister 


Linseed (iodine valuer^lSl) 

29-06 ; 29-34 

Walker and Warburton® 


,, (iodine value = 184) 

31*31 ; 30-44 ; 30'80 

»> 


,, (iodine value = 190-4) 
,, liquid acids (iodine 

38*1 ; 42-0 

Lewkowitsch 


valtto = 208) 

34-9 

Walker and Warbiirton^ 


CiukHc nut 

ll-f)3; 11-23; 12*63 

H J» 


vStillingia .... 

25*78 

Menon,^ Lillie® 


Para rubber seed 

6*66 


Safflower .... 

1-65 0-65 

Walker and Warburton® 


Soya bean 

5*1 

>> »> 


Rape. 

2-4; 3-4 

, ,, 


Japan fi.sb (old sample) 

23*04 ; 23-32 

Tsujimoto 


,, (fresh samples) . 

' Deodoiiriged fi.sh 

44-2; 47-1 


38-42 39-27 

Walker and Warburton® 


1 Cod liver, Norwegian . 

29’SO; 30-3(i 

> 


I Newfoundland cod 

39-1 ; 37-76 

»> 

Octobromide . - 

Sliark liver 

‘ Seal ..... 

12-68 ; 15-08 

19-83 ; 19-93 



Whale (old sam]de 

12-38; 12-44 

Lewkowitsch 


,, (fresh samples) 

22-59 ; 27-77 


,, ffrcsli samjilc) 

' Herring .... 

27-81 

12-7 ; 21-7 

Tsujimoto 

Walkerand Warburton® 


Spenu .... 

2-05 


It lias been pointed out already above (see p. 478) that tlie bromide 
test is f)cst carried out with the fatty acids and not with the glycerides. 
It may further be added that the hexabromidcs of the fatty acids 
crystallise well and hence arc easily filtered. The octobromides are, 
as a rule, amorphous and fall out in Hocks, and hence are less easily 
filtered. (It is therefore advisable to use a paper filter and not an 
asbestos plug ; see below.) Thus a mere inspection of the precipitate, 
whether crystalline or not, gives some preliminary clue. 

The following solubilities of octobromide and hexabromide were 
determined in tlio author’s laboratory:— 

Octobromide (prepared from whale oil) was treated with an excess of 
boiling, cry-stallisablc benzene which was filtered off hot. 100 c.c. 
dissolved 0T984 grm.*of octobromide. 

Hexabromide .—100 c.c. of crystallisable benzene dissolved at 60° F. 
0’024 grm. of hexabromide melting at 181° C. The dissolved hexa¬ 
bromide recovered from 25 c.c. of benzene melted at 174° C. 

100 c.c. of boiling benzene, quickly filtered off from an excess of 
hexabromide melting at 181° C. (from linseed oil), dissolved 0*7288 grm. 
The crystals recovered from the mother liquor of the boiling benzene 
melted at 180° C. 

1 Cp. Vol. II. Cliiip. XIV. “IVilla Oil." 

These Jeterniinatioiis were c/irried out iu the author’s laboratory. 

^ In ca.se of soya l>eau oil three hours standing iu the cold gave no precipitate 
of hexabromide, but when standing over night iu the cold hexabromidcs were obtained. 
Hence stiinding for more than three hours is necessary in the case of oils containing 
small quantities of llnolenic acid. 
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It must, however, be pointed out that the numbers found above for 
the separate bromides do not apply to a mixture of octobromide and 
hexabromide. 'J’Kc separation of mixed hexabromide and octobromide 
can, however, be carried out completely. Experiments showed that 
the hexabromide separated from octobromide by means of benzene 
exhibited no trace of blackening in the melting-point test. 

The above described method for determining the hexabromides 
does not furnish the full yield of hexabromides formed. In the solution 
of tetrabromide, or of tetrabromides and dibromides, certain quantities 
of hexabromides remain dissolved. They are recovered by further 
crystallisation from the mother liquor, either by allowing to stand 
or after slight concentration of the solution by distilling off a portion of 
the ether. Thus, in tJie examination of a linseed oil, the author obtained 
by .subsequent concentration of the mother liciuors the following 
figures 

I’lT cut. 

Insoluble bromide of m.p. 182^ .... rb*) ll 

„ „ „ 170^ .... (Mf) 

„ „ „ 10.T .... 2-11 

In addition thereto, by further concentration of the motho]- liquors, 

lower fractions molting respectively at and 135° C. were obtained ; 
their (juantities were, however, very small. All the lic.xabromidc ap¬ 
peared to have been recovered with the last fraction melting at 135° C., 
inasmuch as the tetrabromide recovered from the mother li((Uor by 
the process described below, liad tlie correct melting point of 113°-ll'l° C. 

In another specimen of linseed oil fatty acids the following results 
were obtained {Menon :— 

I’l-I U'itll. 


llexaljromide of m.p. 

181" C. . 

;19*37 

Bromides of m.p. 

15T C . 

300 

»» »» 

140" C. . 

7-83 

t» »» 

135".i;iG" C. . 

2-38 


The proportion of unsaponifia})le matter left in the mixed fatty 
acids also influences the result to a notable extent. This will be 
gathered from the following table detailing the cxaniiiiation of a linseed 
oil fattyacid, carried out by the author :— 


Hexabromide Test of Linseed Oil 



Fatty Acids ictaininK 
UnaaixinillaWe Matter. 

Fatly Acids freed from 
Uiisaponillablc Matt<'r. 

Hexabromide 

Per cent. 

uup. ”C. 

Per cent. 

- in.j). “ C. 

Ist crystallisation . . . ! 

26-44 , 

183 1 

28-52 

183 


6-07 

180 

3-54 

180 

Bromide from petroleum ether I 

1 11-37 ! 

168 1 

5-48 

171 


* Determined in the author s latwratory. 
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The incomplete recovery of the liexabromide by the above described 
method would seem to be due to the employment of acetic acid and to 
unfavourable conditions as regards temperature and concentration. 

An exhaustive study of the bromide test as applied to vegetable 
drying oils has been made recently by Eibiier and Miig<jenthaler} They 
ascertained that the more glacial acetic acid is used» the lower is the 
yield of hexabrornide, and that glacial acetic acid produces im])ure 
(grey) liexabromide. The best temperature at which the highest yield 
of liexabromide could be obtained was found to be - lO'^ C., when 
using a concentration of 10 per cent fatty acid in ethereal solution. 
Under these conditions no such after-prccipitation, as was observed 
by the autiior in the above given example, took place. Tlie amount 
of bromine required for com[)leto preci[)itation of the bromide was 1 c.c. 
of bromine for 2 grins, of fatty acids dissolved in 20 c.c. of ether. 

The following modus opernudi is recommended by Eihner aud 
Muf/genthaler :—2 grms. of mixed fatty acids (for the preparation of 
which the authors give unnecessarily elaborate details) are dissolved 
in a flask in dry ether to a 10 per cent solution, and cooled down to 
- 10° C.; then 0-5 c.c. of bromine is allowed to run into the solution 
from a very finelj’^ drawn out pipette, the time allowed for this being 
about twenty minutes. 

The remainder of 0-5 c.c. of bromine is added somewhat more 
rapidly, within about ten minutes, the bromination thus occupying 
about thirty minutes. The authors attach great value to the exact 
observance of the time. The temperatui’e should never be allowed to 
rise during bromination above -5° C. The flask is then corked and 
allowed to stand for two hours at -10° C. The ethereal solution is 
next decanted through a weiglied asbestos filter (in the writer’s opinion 
a paper filter is better) and tlie precipitate is washed ‘With five lots 
of 5 c.c. each of dried and cooled etlier. After com])letc draining the 
precipitate is dried for tw() hours at 80° to 85° C., and allowed to cool in 
a desiccator. The temperature is designcdly'kept below 100°, as the 
authors found that the colour of the liexabromide becomes somewhat 
grey if the drying takes place at 100°. The molting point of the 
licxabromides was 177°, whereas (see Cliapter III. p. 207) the melting 
point of pure hexabro«aide has been found to be higher. No doubt 
the low melting point is due to the drying having been carried out 
below 100° C. 

Nevertheless small traces of retained moisture cannot account for 
the much larger yield of liexabromide which the authors obtained. 

The yields of hexabrornide obtained by these authors is tabulated 
here:— 

Fatty Aci<l8 from Pfir cent. 

Pcrilla oil . . - . ■ .04-12 

Linseed i»il, Baltic ..... 57-96 

Linseed oil, Dutch ..... 51-73 

* Farben ■ ZeUuug,> ldl2, No. 3 IT.; II. Muggeuthalcr, Inang. Dissert., 1912. 
Augsburg. 
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Fatty Acids from • Ter cant. 

Linseed oil, La Plata ..... .'il-OB 

Linseed oil, Indian ..... 50'50 

Tung ojl.nil 

Soya bean oil .... . np to 7-78 

Poppy seed oil . . . . . .nil 

Rape oil , . . . . . 


Further investigations inu.st show liow far the foregoing results 
affect the theoretical deduction of Rollelt, as regards the yield of the 
crystalline hexabromide (see Chap. III. p, 207). 

The mother liquor from the ether-insoluble hexabromide or octo- 
bromide (or mixed octo- and hexabromide) contains tetrabromide 
and dibroraide. As will be gathered from the table p. 561), the different 
solubilities of oleic dibromide and linolic tetrabromide suggest a method 
of separation. Oleic dibromide is readily soluble in petroleum ether 
of boiling point 35'’-67'5° C., whilst linolic tetrabromide dis.solve3 in it 
with gi-eat difficulty and on boiling only, separating out again in very 
fine, long, lustrous needles on cooling. 100 c.c. of petroleum ether at 
12° C. hold in solution 0-014 grm. to 0 021 grm. of linolic tetrabromide, 
and less still at lower temperatures {FariiMeiner). Ex])eriment 3 
instituted with weighed quantities showed, however, that a smaller 
quantity than 4-5 per cent of linolic acid could not be isolated from a 
mixture of linolic and oleic acids. 

Determinations made in the author’s laboratory showed that 
100 c.c. of petroleum ether (spec. grav. 0-6375) dissolved at 60° F. 
0-0264 grm. of a pure tetrabromide (from cotton seed oil) melting at 
114° C. 100 c.c. of the same petroleum ether dis.solv-ed at its boiling 
point (80° F.) 0-172 grm. The undissolved portion melted at 115° C., 
whereas the crystals recovered from tlie dis.solvod portion melted at 
113°. This proves incidentally the purity of the original tetrabromide. 

The mother liquor from the filtered ether-insoluble bromides contains 
an exc-e.ss of bromine. It is best to wash the ethereal solution in a 
separating funnel with sodium thiosulphate to remove the free bromine. 
The washed bromides are then dissolved in ether, the adhering water 
is drained off, and the last traces of water aie removed by filtering 
through a dried filter. 

The ether is distilled off and the residue boiled with sufficient 
petroleum ether to dissolve it completely. On cooling, the crystalline 
bromide melting at 114° C. separates out. 

It has been pointed out in Chapter III. that there is also in existence 
a second linolic tetrabromide, melting at 56° C. This has hitherto 
only been met with in isolated cases. 

In the following table I collate the proportions of linolic acid found 
by Farnsteiner. In the case of cotton seed oil, the percentage of linolic 
acid has been confirmed by determinations made in the author’s 
laboratory. 
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Linolic Acid 



calculated from 



Tetrabromide. 


Cotton seed oil . . . 

per cent. 

18-r> 


Se.sam6 oil ... . 

15-8-12-6 


Rape oil .... 


Linolcnio acid present 

* Mustard oil . 

4-5 

4 per cent of liiiolcuic acid 

Almond oil . 

5-1)7 

Araoliisoil .... 

6 0 


Olive oil .... 

Small (juautity 


Horse lat , . . . 

y-9 


Lanl (European) . 

Small (luantity 

Traces of linolenic acid present 

Butter fat * . 


i: :: 


It will be seen that the proportions of linolic acid, as stated in the 
last table, are much lower than would be calculated from the iodine 
values. This may perhaps be explained by Rolfett’s theory (see Chap. 
III. p. 198). With a view to testin^^ this point the following experiments 
were carried out (witli the assistance of Menov, Link, a. o.) in the 
author’s laboratory. They must, however, be considered as being yet 
too incomplete to admit of any generalisation. 

Soya bean oil yielded in the bromide test: 


Pcf (lent. 

Iloxabroniidc, m.p. 170” .... .'>•07 

'l\itrabronii(le, m.p. IKtS” - . . 10 02 

coiTc.sponding to 

Liiiolonic acid ...... 1-8.7 

Linolic acid.0-28 


After distilling off lialf the amount of petroleum ether from the 
mother liquor and exposing the solution to a temperature of about 
5" C., fiu-ther 25-04 per cent of tetrabromide (melting at 113° C.), 
corresponding to 11-66 per cent of linolic acid, were obtained. Hence 
a total of 20-94 per cent of linolic acid was found. 

Maize oil fatty acids gave in the bromide test, in three successive 
crystallisations from petroleum ether, the following amounts : 

I’t-r C(‘iit. 

I. Totrabromido, melting at 113° to 114° C. . . . 50-87 

II. „ „ 113° 0.()-98 

III. „ „ 113° C.3-16 

' 61-01 
corresponding to 28-43 per cent of linolic acid. 

These results must, however, not be taken as typical, since slight 
changes in temperature and amount of petroleum ether used affect 

* The cow.'i yielding this specimen of butter fat having been fed a long time on 
cotton seed cake, tlie linolenic acid fonnd nmy be due to cotton seed oil (cp. Vol. II. 
Chap. XIV. “Butter Fat”)- 
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the yield considerably. Thus, in a second experiment with maize oil 
fatty acids, there were obtained in the first crystallisation 30-78 per cent 
of tetrabromide, melting at 113-5“ C.; and after distilling off from the 
filtrate two-thirds of the petroleum ether and exposing the flask to a 
temperature about 5“ C., no crystals ap])e!irod. Even after distilling 
one-half of the petroleum etlicr off the already concentrated solution, 
no crystals were obtained immediately; after prolonged cooling at 
C., 3-56 per cent more tetrabromide was obtained. Hence this 
duplicate test yielded only 34-SI per cent. The 3-56 per cent of crystals 
melted at 61“ C. The (.{uantity was too small to decide whether tlio 
crystals represented a mixture of the two tetrabromides melting at 
114“ and 56“ C. respectively. 

Cotton need oil fatty acids yielded 51-85 per cent of tetrabromide 
(melting at 112° 0.), corresponding to 24-93 per cent of linolic acid. 
.After concentrating the mother li(|uor a fui-ther (U-op of 6-5 per cent of 
tetrabromide, corresponding to 2-9 per cent linolic acid, was obtained. 
Yet in other sets of experiments by other observers no more than 
17-8 per cent was collected in two crystallisatioiis. 

Sesame oil fatty acids gave 0-48 per cent of tetrabromide molting at 
113“ C.; a second crop yielded 6-48 per cent (melting at 113“ C.), and a 
third crop gave 2-6 per cent of tetrabromide, melting at 111“ C. There 
were therefore obtained : 

I’.T nrtil. 

First crop ..... 21-5 

Sccotnl crop .... n-18 

Thinl crop ..... 2-G 

= 33-58 per cent of tetrabromide, corresponding to 15-62 per cent of 
linolic acid. Farnsteiner (see above table), liowevcr, obtained this 
yield in one operation. 

The author suggests to combine the methods described above in a 
systematic examination in the following manner : - 

Resolve the mixed fatty acids into “ solid ” fatty acids and “ lk|uid 
fatty acids. (Inasmuch as the unsaponifiable matter in some cases 
contains a high proportion of unsaturated substances (cp. Chap. XIT.) 
which absorb bromine, it is advisable in acci^ato analysis to remove 
the unsaponifiable matter first.) The li<|uid fatty acids are then 
brominated in ethereal solution. Pending the confirmation of the 
results obtained by Eihner and Muggenthaler, it would seem to be 
advisable to carry out the bromination in dry ethereal solution as 
directed by these observers. The precipitated ether-insoluble bromides 
are washed with ether and examined separately. 

A preliminary examination, after weighing the ether-insoluble 
bromide, consists in determining the melting point. Jf the bromides 
melt to a clear liquid without showing signs of blackening at or about 
180“, then the absence of octobromide is proved. It cannot, however, 
be concluded that hexabromide is absent. Further preliminary in* 

* Cp. Jahrbuch der (Jhtmie, 1898 (viii.), 402. 
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formation may be obtained by determining the bromine content of the 
mixed ether-insoluble bromides. It is, however, more expedient to 
proceed at once to the separation by means of boiling benzene. The 
solubilities given above for the hcxabromides and octobroniides in 
benzene, show that the undissolved portion will be rich in octobromide, 
whereas the filtrate consists practically of liexabromide. A further 
examination by the melting point tost of the insoluble portion will 
confirm the presence of octobromide and will show whether any hexa- 
bromides are present; in that event, the filtrate, after evaporating off 
the benzene, yields crystals melting at 180° to a clear liquid, without 
blackening. 

The quantitative determination of both the undissolved octo¬ 
bromide and the residue obtained after evaporating the benzene from 
the solution will hardly yield sufficiently accurate quantitative results. 

It would therefore be preferable in accurate determination to 
estimate the bromine contents of both the undissolved and tlie dis¬ 
solved portions in addition to the bromine determination of the total 
insoluble bromides. 

The ethereal solution, after filtering off the ether-insoluble bromide, 
is freed from uncombined bromine as described above, and the residue 
crystallised from petroleum ether. Any crystals sej)arating out on 
cooling are filtered off, and their melting point is taken. By con¬ 
centrating the filtrate, a further crop of tetrabromide may be obtained 
or even the second tetrabromide, melting at 50° C. 

The filtrate fj’om the last crop of crystals contains dibroinido wliich 
can be isolated by evaporating off the .solvent and wcigliing tlic residue. 
Tills is then be.st submitted to catalytic hydrogenation, wliereby solid 
acids are obtained which can be readily examined. (Melting Point, 
mean molecular weight; cp. also Chap. XII.) 

For the separation of oleic acid from other liquid fatty acids, 
Farnsteimr suggested a method based on tlie (comparative) insolubility 
of barium oleatc in benzene containing alcohol, in which the barium 
salts of the less saturated acids are readily dissolved. Since the saturated 
acids behave like oleic acid, it would have been possible, provided 
the premises be correct, to separate a mixture of saturated and liquid 
acids of different unsatrration into a mixture of solid acids and oleic 
acid on the one hand, and of less saturated liquid acids on the other. 
Lewkoivilsch,^ however, has shown that this proposed method is of no 
use for quantitative pvir})oscs. Neither can the separation of oleic acid 
from less saturated fatty acids, by treating the mixed barium salts 
with moist etlier, be effected with quantitative results.^ 

In some isolated cases the barium method 5s stated to have given 
satisfactory results for the separation of oleic acid from less saturated 
acids. In view of the conflicting evidence found in this respect in the 
recent literature on this subject, each individual case must be con¬ 
sidered a problem of its own. 

^ A}Uilifst, 1900, 64 ; cp. also Zeifs./. Unters. d. Nahrgs- w. Ocunssm., 1903, vi. 
161. - Fnliriou, Zeiis,/. angew. CItem., 1904, 1487. 
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A mixture of unsaturated acids cannot bo resolved into its con¬ 
stituents by fractionating the methylesters (Chap. XII.), as the boiling 
points of the esters of the unsaturated acids lie so closely together 
that a separation by fractional distillation appears impossible. This 
is evidenced by the following table detailing tlie re.sult of a fractional 
distillation of those methylesters of cotton seed oil fatty acids which 
boil above 200° C. under a pressure of 18 mm. 


Fi-action. 

Boilinc Point. 

“C. 

Pressure. 

mm. 

Quantity obtaiiifiil from 
53;> (Jraum of Oil. 

lodiuft Value. 


up to 201*5 

16 mm. 

8 grams 

77*13 

11. 

201-5-‘20J 

16 „ 

0 „ 

101-19 

III. 

204-207-5 

16 „ 

20 ,, 

123*51 

IV. 

207’f)-210*6 

16 „ 

83 ,, 

130*87 

V. 

‘210-5-2]4*5 

16 „ 

11 „ 

123-83 

VI. 

above 214-5 

1C „ 


107*23 



L. 

133 ,, 



The identification of tlie several unsatn rated acids by means of 
the weight of hydrogen they ab.sorb —in other words, by their “ ki/ilrogm 
value ” ^ —involves too complicated apparatus for a technical analysis, 
and furnishes no better results than docs the determination of the 
much more expcditiou.sly determined iodine value. 

(Fokin^ expresses the “hydrogen value” of a fatty substance by 
the number of cubic ccntimeter.s of hydrogen, calculated to 0° C, and 
760 mm. pressure, absorbed by 1 grm. of substance.) 

The .same strictures hold good of the method of determining quan¬ 
titatively the amount of ozone which the several unsaturated acids 
ab.sorb (see Chap. III. p. ll.'j). 


9. Hydroxylated Fatty Acids 

It has been shown above that hydi’oxystearic acid, as also dihydroxy- 
stearic acid, arc .sparingly soluble in cold petroleum el her. 'Thi.s 
behaviour to solvents would .seem to .suggest a method for Ihe separation 
of hydro.xylated fatty acids from the mixed i-fatty acids by treating 
the latter with petroleum ether. Experiments made by the author 
have, however, shown that such a method doe.s not lead to u.seful 
results. Thus the mixed fatty acids from castor oil behave very much 
bke castor oil itself (Vol. II. Chap. XIV.), that is, they dis.solve in an 
equal volume of petroleum ether. A mixture of castor oil fatty acids 
with oleic acid, however, could not be separated by means of petroleum 
ether. 

In case the nature of the hydroxylated fatty acid in a sample be 
known, its proportion in the mixed fatty acids may be obtained approxi¬ 
mately by determining the increase in weight of the mixed fatty acids 

^ Bcilford, Inuio/. Dmert., ITalle a/S, 1906. 

^ Jvurn. Ituss. Pkys, (Jhcvi. Soc., 1908, 700. 
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on boiling with acetic anhydride by LewkomitscJCs method. Let M 
be tlie molecular weight of the monohydroxylated acid, and i the 
increase of weight of A grams of the mixed fatty acids, then the per¬ 
centage of hydroxylatcd acid y will be (cp. equation, p. 452). 

kiom; 

■ A.42^' 

In case the hydroxylatcd acid contain n hy<lroxyl groups, and 
consequently bo able to assimilate n C 2 H 2 O groups, we shall find 

lOOMi 

This method will, however, only lead to useful results if the amount 
of hydroxylatcd acid present in the sample be large (as in the case of 
castor oil); otherwise the loss in weight caused through the formation 
of anliydrides of fatty acids may counterbalance any gain in weight. 

In most cases it is therefore preferable to determine the acefyl 
rahie of the mixed insohiUe fatty acids after freeing them fi’om volatile 
acids by washing. 

The washed fotty acids arc acetylated in the mannei’ des(‘ribed 
above, p. 128, and the acetylation product, after being waslied free 
from acetic: acid, is boiled with alcoholic potash in order to hydrolyse 
the anhydrides, and t o saponify tit the same time the acetylated acids 
with formation of potassium acetate and j)otassium soaps of the original 
fatty acids. On decom))osing the solution with sulphuric acid, acetic 
acid is set free ; this is then determined by tlie “ distillation jtrucess ” 
or by the “ filtration process.” 

The acetyl value so obtained refers to the insoluble fatty acids 
and not to the oils and fats themselves. In some cases (” Blown 
Oils,” Vol. HI. Chap. XV.) it is advisa])le to determine the acetyl 
value of the original oil or fat, as well as that of its insoluble fatty 
acids. If botli uunibers are practically identical, tlie conclusion can 
be drawn that the acetyl value is due to tlie ])resence of a triglyceride 
of hydroxylatcd fatty acids. This liappens in tlie case of ('astor oil. 

Twitchell determines the “ hydroxyl values ” (see p. 430, footnotes) 
by esterification of the h/droxylated acid with fatty acid in the presence 
of TwiicheWs reagent. For the details of this proposed method the 
reader must bo referred to the original paper.^ 

For practical pui’poses the following table may be consulted :— 

’ Jviirn. Amer. Cliem, Si>c., 1907, 197 ; 566. 


[Table 
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Acid.* 

Formula. 

Acetylated Add. 


Increase 
In Weight 
on Acety- 
lating. 

Formula. 

Molec¬ 

ular 

Weight. 

Acetyl 

Value. 

Saponi¬ 

fication 

Value. 

Per cent. 

^droxystearic 


C.sH„O,(O.C,H,0) 

342 

164*0 

328*0 

14*00 

cinoleic 


0„H,„O,(O.0jH,O) 

340 

166-0 

330*0 

14*09 

hydroxystoaric 

C„Il 3 iO„{OII)j 

C„H 3 , 0,(0 . C 2 H 3 O). 

400 

280*6 

420-76 

26-58 

ihyilroxystearic 

^ 18 ^ 3303 ( 011)3 

Ci8H3,O2(O.02HsO)i, 

458 

807-4 

489-9 

37-95 

trahydroxystearic 

'Sativic) 

Oial^saOg^OH)^ 

G]eiis 2 C 2 (U . ^ 31130)4 

616 

434*8 

643*6 

48-27 

ntahydroxystearic. 

0i8H3,U2(CH)b 

OiftlisiOalC . 

574 

488*7 

686*4 

67-69 

ixaliydroxystearic 

(Linusic) 

Gi8ld3o02(OH)fl 

c„h„08(0.C2H3O)8 

632 

532-5 

621*3 

66*81 


It should bo noted that hydroxylatcd fatty acids are capable of 
forming (inner anliydridcs, or) polymerisation products (cp. Chap. III. 
p. II4). The unsaturated hydroxylatcd acids (ricinoleic) are converted, 
by catalytic reduction in a current of hydrogen, into saturated liydroxyl- 
ated acids, or at a somewhat higher temperature into saturated acids 
of the series C„H 2 „ 02 . 

Ricinoleic acid can be separated from otlier insoluble, non-hydroxyl- 
ated fatty acids, in a direct manner, by making use of the insolubility 
of lead ricinoleate in low boiling petroleum ether (Lane ^). Experiments 
made by the autlior ^ showed tliat by boiling the lead soap obtained 
from 5 grms. of castor oil with 60 c.c. of low boiling petroleum ether 
for one hour, and filtering the petroleum ether after cooling, 0-62 per 
cent (calculated on the oil) had been dissolved. On treating the 
undissolved lead .soap with another 50 c.c. of petroleum ether for one 
hour, and filtering in the hot, 1-10 per cent were dissolved. On repeating 
the experiment with a fre.sh quantity of lead salt, 1-76 per cent wore 
found to have been dis.solved by hot petroleum ether. 

For practical purposes the lead soap of ricinoleic acid may therefore 
be considered to be insoluble in cold petroleum ether. 


t) 

10. “Oxidised” Fatty Acids 

Under the term “ oxidised ” acids the author comprises a class of 
fatty acids occurring in those oils and fats which have undergone a natural 
process of oxidation by exposure to the atmosphere,® such as highly 
rancid oils and fats, and especially “ waste oils and fats ” (see Vol. 
III. Chap. XVI.) or which have been artificially treated with oxidising 
agents, as in the process of blowing with air or oxygen ® (see “ Oxidised 

' For sabiilic ami juiiiperic acids sec Cliap. III. p. 211. 

2 Journ. Soc. Chem. hul.^ 1907, 597. Unpublished observations. 

4 Op. AmhM, 1899, 323. 

® Cp. G. Bouchard, Le^ MaUire-a Grimes^ 1912, 2779. 

^ Cp. French patent 368,543, and ^jwedish patent 16,802, 1002. 



VIII 


OXIDISED FATTY ACIDS 


681 


Oils,” Vol. III. Chap. XV.). The change which some of the unsaturated 
acids undergo is not yet fully understood, but this much is certain, 
that through “ blowing ” or “ oxidising,” a certain proportion of-acids 
are obtained which are characterised by their insolubility in petroleum 
ether. 

The resinous substances which the author first observed in fatty 
acids obtained from liver and blubber oils (cp. Vol. 11. Chap. XIV.) 
were found by Tsujimoio to be, most likely, oxidised acids derived 
from clupanodonic acid. Similar oxidised acids appear to be formed 
by the oxidation of highly uiisaturated acids (arachidonic) in fatty 
acids from pigs’ liver lecithins. Tlioy are not to be confounded with 
polymerised fatty acids, e.g. polymerised ricinoleic acid.^ The “ oxid¬ 
ised” fatty acids are soluble in alcohol, and, of course, in solutions of 
caustic alkalis; they are also sliglitly soluble in water. They are 
sparingly soluble in carbon bisulphide. 

Fahriou,^ who first proposed a method for the determination of 
“ oxidise<l ” acids in boiled linseed oil, assumed them to be hydioxylatcd 
acids, on account of their insolubility in petroleum ether, a property 
which ciiaraeterises some well-known hydroxylated fatty acids. The 
fact, however, that the “ oxidised ” fatty acid- can be separated from 
the other acids by petroleum ether, whereas (see p. 578) a mixture of 
castor oil fatty acids and oleic acid cannot be resolved into its con¬ 
stituents, proves that they form a special class of acids. Pending an 
inquiry into their nature, the author proposed for them the name 
“ oxidised ” acids. 

The quantitative determination of oxidised acids in oils and fats 
is carried out as follows: ^—4 to 5 gi’ms. of the sample are saponified 
in the usual manner with alcoholic potash; the alcohol is evaporated 
off, the soap is dissolved in hot water, transferred to a separating funnel, 
and decomposed with hydrochloric acid. After cooling, the liquid is 
shaken with petroleum ether, boiling below 80“^ C., and allowed to stand 
until it has separated completely into two clear layers. The insoluble 
oxidised fatty acids will be found to adhere to the sides of the funnel 
or form a sediment u\ the petroleum ether layer. The aqueous layer 
is drawn off, the petroleum ether layer is poured off, if necessary through 
a filter, and the oxidised acids arc washed with petroleum ether to 
remove adhering fatty acids. In case the amount of oxidised fatty 
acids be large, it is advisable to dissolve them in alkali, decompose the 
soap with liydrochloric acid, and shake out again with petroleum ether 
in order to remove completely any occluded soluble fatty acid. The 
oxidised acids are then dissolved in warm alcohol or ether, the alcoholic 
or ethereal solution is transferred to a tared basin, the alcohol or ether 

’ Falirion [Zeits. f. angew. Ch'Cm., 1009, 2093; 1910, 722, 1108} assiiiues that in 
the case of Hnseed oil “ diperhytlroxyUnoknic ” aiul “ diperhydfoxyliuolic ” are Ibrmod 
by oxidation, and that thoso liypothetical acids are converted subsequently into diketo- 
dihydroxylinolcnic and hctodiliydroxylinolic acids respectively. Keid’a “ super- 
oxidised” linseed oil (see Vol. 111. Chap. XV. “Linoleum”) appears to belong to the 
same category of substances. 

* Zeits.f. aiigeio. C/iem., 1898, 782 ; 1903, 79 ; 1904,1199 ; cp. also Kassnor, ibtcl., 
1904, 1863. 
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is evaporated off, and the residue dried until the weight remains con¬ 
stant. Thus the proportion of oxidised acids is found. 

In this manner the a\ithor prepared the oxidised acids from a 
number of blown oils and from solidified linseed oil (cp. Vol. III. Chap. 
XV. “ Oxidised Oils ”). The oxidised acids from a solidified linseed oil 
had the following characteristics : Neutralisation value, 1G8 ; saponi¬ 
fication value, 199*2 ; apparent acetyl value, 130*2. Further informa¬ 
tion will be found under the headings of “ Blown Oils ” and “ Boiled 
Oils.” The following table ^ shows tlic manner in which the ])roportion 
of oxidised acids increases with the time of blowing :— 



Specillc 
Oravity 
at C. 

Sapoiiitlca- 

tion 

Value. 

OxWised 1 
Acida. 1 
Per cent. 

Oleic acid. 

0-8952 

201-4 

I 

Oleic acid, blown 2 hours at 120'’ C. 

0*9098 

204 *9 

0-62 1 

n M ,, 4 „ 120° C. . 

0-9121 

206-0 

2*6 1 

,, » „ 6 „ 120° C. . 

0-9123 

208-3 

3-5 1 

„ „ „ 10 „ 120° C. . 

0-9238 

213*4 

6-0 


These oxidised acids exhibit considerable acetyl numbers (op. 
Vol. III. Chap. XV.). The oxidised acids derived from marine animal 
oils—ino.st likely derivatives of clupanodonic acid—are further oxidised 
by drying at 1(K)® C. and then lose to some extent their ready solubility 
in alcohol {T.'iujinio(o). 

Bouchard^ isolated oxidised fatty acids fi'om bone fat, linseed oil, 
arachis oil, sesame oil, ravison oi), and cod liver oil. He also states 
that he obtained phenyl liydrazine compounds of the «)xidised acids, 
without, however, giving details. For his speculative view.s as to the 
pre.sence of car])onyl in hydroxylated groups the original paper must be 
consulted. 

The following table, due to Procter and Holme, .sliow.s the changes 
in the specific gravity, refractive index, and iodine an Australian 
“ oleine ” underwent in blowing :— 


Blown. 

SliRciflc Gravity.' 

Refractivo In^ex. 

Iodine Value. 

Hrs. 

0 

0*892 

1*4620 

88*0 

3 

0 892 

1*4620 

87*0 

6 

0*893 

1 *4620 

84-0 

9 

0*894 

1*1622 

84*0 

12 

0*895 

1*4623 

82*0 

1.') 

0-895 

1*4623 

77-0 

18 

0*896 

1 *4624 

74*0 

21 

0*897 

1*4626 

74*0 

24 

0-900 

1-4628 

73*0 


' Cp. Lewkowitacb, Lahmitirry (hmjiatdon to Fats and Oils Industrivs, Macmillan 
ami Co., 1002, p. 76. 

Lee Matures (Jrasses, 1912, 2779. ^ Joum. Sue. (Jhem. Ind., 1905, 1287. 
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LewkowUsch^ assumes in blown oils the presence of another kind 
of acid, differing from the “ oxidised ” acids. Pending further investi¬ 
gation they were termed “ unknown ” acids. Possibly the peroxidised 
acids described by Fahrion^ belong to this group. Such acids also 
occur in soaps made from highly oxidised fatty acids and “ waste ” 
fats. 

The investigation of the last two cla3.se3 of fatty acids will be greatly 
facilitated by reducing the acids catalytically, when saturated acids 
would be obtained which can be more readily isolated and identified. 
According as the temperature in the catalytic reduction process is kept 
lower or higher hydroxylated saturated acids or saturated acids of the 
series CaHjnOj will be obtained. 

* Analyst, 18*J9, Ii23 ; 1902, 139. ^ See footnote 1 p. 581. 



CHAPTER IX 

EXAMINATION OF UNSAPONIFIABLE MATTER 

The unsaponifiable matter is necessarily isolated as such in the course 
of its quantitative determination, and can therefore he further examined 
immediately. 

In the case of natural oils and fats the quantity of unsaponifiable 
matter will, as a rule, be small, but in the case of wa.xes it constitutes 
a large proportion (about one-half) of the original substance, as pointed 
out already. 

If the natural oils, fats, and waxes have been adulterated with 
such substances as paraffin wax, ceresin, muieral oils, neutral tar 
oils, and rosin oils, these sub.stances will be obtained together with 
the natmally occurring unsaponifiable matter. Their detection and 
estimation will be con.sidered briefly in this chapter. 

The subjechmatter of this chapter naturally divides itself into 
two groups: A,—Examination of those unsaponifiable substances 
which are naturally pro.sent in oils, fats, and waxes; 

B,—Examination of foreign unsaponifiable substances that have 
been admixed with the substances considered under A. 


A. EXAMINATION OF UNSAPONIFIABLE SUBSTANCES OCCURRING 
NATURALLY IN OILS, FATS, AND WAXES 

k 

1. Unsaponifiable Substances occurring in Oils and Fats 

Considerable quantities of unsaponifiable substances in a natural 
oil or fat will betray their presence in the course of the process of 
saponification by a turbid solution, and when boiling is stopped they 
will be found floating on the top of the neutralised alcoholic soap 
solution as an oily layer. Small quantities, however, will always 
remain in solution, or form an emulsion with the soap solution. 

The unsaponifiable matter in natural oils and fats consists in the 
main of cyclic alcohols, among which either cholesterol or sitosterol 
predominates, according as the oil or fat is of animal or vegetable origin. 
The latter alcohol is in some cases accompanied by stigmasterol, 
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or brassicasterol. Of the alcohols of the ethane series hitherto only 
melissyl alcohol has been found in oils and fats. 

The presence of hydrocarbons has hitherto boon rarely recorded; 
recent observations (e.g. in the case of chrysalis oil, laurel oil, parsley 
seed oil, etc.) render it likely, however, that their presence may have 
been overlooked hitherto, as the total amount of unsaponifiable matter 
in most oils and fats is, as a rule, very small. The hydiocarbons, 
whenever their proportion in the unsaponifiable matter is considerable, 
can bo separated from the alcohols by means of acetic anhydride, as 
described below (p. 601). 

In addition to alcohols and hydrocarbons minute quantities of 
colouring substances, resinous substances, ethereal oils, and other 
foreign, perhaps also albuminoid, bodies occur. Some of the foreign 
substances possess optical activity and are characterised by absorbing 
considerable proportions of iodine. The examination of the unsaponi- 
fiablc substan(!cs affords, therefore, a special problem in each given case. 
Hitherto such cases have been studied only exceptionally (sec cotton 
seed oil, laurel oil, etc.); but a systematic investigation, such as has 
been undertaken by Matthes and his collaborators, may lead to im¬ 
portant results by furnishing clues for the identification of those oils 
and fata the recognition of which in mixtures of oils and fats still 
causes rlilticulties (cp. Chap, XII.). 

It will be convenient to subdivide the subject into— 

A. Examination of Alcohols. 

B. Examination of Hydrocarbons. 

A. Examination of Alcohols 

In this section the “ Sterols ” (Chap. III.) only will be dealt with, 
the discussion of the aliphatic alcohols and their separation Horn the 
cyclic alcohols being more appropriately deferred to the section describ¬ 
ing the unsaponifiable substances occurring in “ Waxes.” 

The detection of cholesterol and sitosterol (phytosterol), or a 
mixture of both, is of great importance whenever the question is placed 
before the analyst to decide whether a given sample is of animal or 
vegetable origin, or whether a mixture of vegetable and animal oils or 
fats is under examination (itp. Chap. XL). 

The method proposed by Polenske, to treat the crude unsaponifiable 
matter with low boiling petroleum ether in the cold, in which cholesterol 
and e.speciaUy phytosterol are but sparingly soluble, does not always 
furnish useful results.^ Thus Mallhes and Heiniz^ observed that in 
the case of the crude unsaponifiable matter from Japan wax, phytosterol 
remained cUssolved in the petroleum ether solution together with the 
oily portion of the unsaponifiable matter. 

The colour reactions given above (Chap. III.) for cholesterol and 
sitosterol (phytosterol) are not distinct enough to allow of discrimina¬ 
tion between the two alcohols. Recourse must, therefore, be had 
to the following methods :— 

i Cp. also Duulop, The Analyst, 1907, 320. 


Arch. d. Pharm., 1909 (247), 660. 
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{a) Mkroscopic Exainimtion ^ 

The unsaponifiablc matter, after weijfhin^, is dissolved in ether and 
poured into a small porcelain dish. The ether is allowed to evaporate 
off spontaneously, the mass is then dried on a water-bath, dissolved, 
after coolin*^, in the smallest possible quantity of absolute alcohol, 
and allowed to crystallise. Unless tlie amount of colouriiij* matter 
and resinous substance present be large, wcU-dchned crystals will be 



a b 0 d 

Fi;'. -13.—(u) Crystnih of ClKilesterol. 


obtained. If foreign matters ]>revent the crystallisation of the alcohols, 
it is necessary to dissolve the unsaponifiablc matter in 95 per cent 
alcohol and remove the colouring matters by treating in the liot with 
charcoal and filtering off the hot alcoholic solution.^ (Instead of 
alcohol, petroleum ether may be used in conjunction'with charcoal.) 
The fWtrate is next evaporated to dryness, and again taken up with 
absolute alcohol. A few crystals are then taken out and examined 
carefully under the microsco])e. If eitlier cholesterol or sitosterol 
(pliytosterol) be present alone, tiie crystalline forms chariicieristic 
of cholesterol or sitosterol (phytosterol) will be found (Fig. 43). 

Crystals of cholesterol dei)osited from its hot alcoholic solution 
appear as a inagmaof laminje, which are discerned, under the microscope, 
as very thin plates, often sliowing re-entering angh^s ; those plates are 
apparently rhombic, but belong most likely to the triclinic system 
[Bomer). Sitosterol, on tlie other hand, crystallises in solid needle.s, 
grouped in tufts; under the microscoi)o, long, solid needles are dis¬ 
cerned, arranged in .star or bunch-like groups; these crystals belong 
most likely to the monoclinic system. 

If, however, a mixture of chole.stcrol and .sitosterol (pliytosterol) 
be present, the information furnished by the microscopic examination 
becomes very uncertain. According to Bimer, tlio components from 
a mixture of cholesterol and phytosterol do not crystallise separately; 
if the latter predominates, or is present in a])proximately the same 
proportion as cholesterol, the crystals cannot be dbtinguished from 
those of phytosterol, cp. Fig. 43 (c). If cholesterol predominates*, 

* Bi>mer, Zeils. /. (Jnkrs. d. Nakrgs- a. (imnsm.y 1898, J>44. '11^6 older term, 
“ phytosteriii test” or “phytosterol test,” introduced hy Salkowski in 18S7, is not used 
m this work, in order to avoid confusion with the i)hyto.stciyl acetate test. 

* If coprosterol (see Chap. III.) ho the chief constituent of the unsapoiiifiuble matter, 
as is the case in “Sewage Fats ” (see Vol. III. (’hap. XVI.), oxlraction with 80 per cent 
alcohol is best suited for the removal of impurities. Cholesterol mid phyto.storol arc, 
however, very sparingly soluble in 80 per cent alcohol. 
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needles of a quite different form separate (Bomer). Crystals obtained 
from (1) a mixture of 3 parts of sitosterol and 1 part of cholesterol 



molt at 135-(r-l3r>-0'’ C. ; (2) equal parts of sitosterol and cholesterol 
melt at 140-0“-l-tl -r>'' C. ; and (3) 1 part of phytosterol and 3 pai'ts of 
ciiolesterol molt at 143-7"-lir) 0° C. The autJior, in his own experience, 

0 i i| 

a b 

Fig. 43.—('■) C'ry.sliils frimi a iiuxLure of t'liolrstia'ol and rhylosli'rol. 



did not obtain the mixed forms of crystals from artificially prepared 
mixtures of cholesterol and phytusterol, but found tiiat each con- 
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could be observed, they appeared to simulate the crystalline form of 
phytosterol. On filtering off the first crop of crystals and allowing 
them to crystallise again, better specimens were obtained, showing 
distinctly the individual forms of cholesterol side by side with the forms 
of phytosterol. 

These observations are confirmed by Zetsche} who published a 
number of drawings which are reproduced in Figs. 44 to 54. 

The microscopic examination of the alcohols themselves should 
only be looked upon as a preliminary test, which does not permit a 



Fi,,,-. 1-i. - CiysiaU of (from Fia. u. - uf fh> tort. iol (from 

alcohol; on cover). ah-oliol ; on ulass cmn). 


definite conclusion to be drawn as to the absence of cholesterol or 
phytosterol. More uncertain still become the microscopic indications 
if .stigmasterol and brassicasterol are admixed with cholesterol and 
phyto.sterol. 

In order to arrive at decisive results, it is necessary to carry out the 
“ phytosteryl acetate test.” 

{h) Phytosteryl Acetate Test - 

The alcoholic solution containing the cry-stals [see (a)] is brought 
to dryness on a water-bath, and the residue heated for a minute in a 
small porcelain dish with 2 to 3 c.c. of acetic tfnhydi'ide per 100 grma. 
of original oil or fat over a small flame until the solution boils, the dish 
being kept covered with a watch-glass. The watch-glass is then 
removed, and the excess of acetic anhydride evaporated ofi on the 
water-bath. The contents of the dish are next heated witlx the smallest 
possible quantity of absolute alcohol; in order to prevent immediate 
solidification or crystallisation, a few c.c. of alcohol are added, and the 
mass is then allowed to crystallise. By spontaneous evaporation about 
one-half or one-third of the alcohol volatilises and the acetates crystallise 
out. The crystals are filtered off through a small filter, and washed 
with a little 95 per cent alcohol. The acetates are brought back from 
^ Pharm. (JenimlL, 1808, No. 49. 

^ Burner, Zeits.f. UnUra. d. NudwijS' it. Oenuasm., 1901 ; ibid., 1902, 1018. 
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the filter into the dish, dis.solved in 5 to 10 c.c. of absolute alcohol, and 
again allowed to crystallise. The crystals are filtered off, and their 
melting point is determined. Since cholesteryl acetate melts at 114-3°- 
114-8“ C. (corr.), whereas crystals of phytosteryl acetate obtained 
from different oils and tats melt above 12.6° C., the melting point of the 
second crop of crystals will furnish preliminary information as to 
whether cholesterol only, or phytosterol only, is present. Ultimate 
rehance should not, however, be placed on the melting point of the 
second crop of crystals ; for in most cases it is necessary to recrystalliso 
the crystals at lea.st tliree more times. If the melting point of the fifth 
or seventli crop of crystals be found to lie below 115° or 116° C., the 
absence of phytosterol can he pronounced with certainty. A gradual 



Fi,’. .'j-t.-i.'ry-lats tVi'iii I.nnl l•l,llt;lillill:..; 1" [K'n-oiit ortoUnii oil 
(IVoiii tili'olinl ; tak'tii out of luotluT litjiinr). 

and di.stinct rise of the melting points, above 111° C., in the successive 
crystallisations is the best imlication as to the procedure to be adopted. 
The following tabhg due to Jiiyer * and to Klaiitrolh;^ affords some 
guidance in practical cases :— 

Mellitiy Points of Muliires of Choksleri/l ami Phijloslcri/l Acetates 
{Jiifier) ^ 


Chol-tluryl 
At'ftab; r.f 

Fuiiit 112-lS’C. 

riivK-t- lyl 

AF'd.Ji- I'l Ml 

I’oiiit 121I-2- U. 

Mi-!tiii )4 I’oint of 
Mivlurtt. 

Ter cent. 

I’.tl Cfllt. 

"G. 

90 

10 

117 

80 

20 

120-6 

73‘3 

26-7 

122-5 

60 

40 

125 

42*4 

57-6 

129 

20 

80 

129-1 

10 

10 

129-2 


1 Rec. d. trm. ekm. Pays-Bas, 1900 (25), 349. Imwj. Limrt., Municli, 1911. 
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Melting Points of Mixtures of Chohsteryl and Sitostergl Acetates 


(JhoIcHtoryl 

Ai’cUith 

SiOisti-ryl 

Acf'tate. 

.TfiglT. 

Kiumi'Oth. 

P«r (n-iit. 

per (tout. 

M,;. 

" IJ. 

lOO-O 


1130 

113-0 

‘m;-o 

40 

1150 

114-2 , 

m-4 

VMi 

110-1 

H8-0 

70-.5 

2i)-rj 

121-3 

1200 


.33-4 

12.5-0 

124-2 

m-o 

r>()0 

127-1 

127-0 


01-7 

128-2 

127-8 

.33-3 

00-7 

128-3 

128-2 

2(r4 

73-G 

128-3 

128-0 ! 

15-.7 

81-5 

128-2 

128-0 

101 

8!)-0 

128-1 

127-8 j 

0 

100-0 

127-1 

127-0 


In caso tJie first crop of crystals bo deeply coloured by foreign 
substances (a not infrequent occurrence), it is advisable to remove 
the bulk of the latter by pressing the crystals between filter paper 
before they are recrystallisod. 

'J'lie author has satisfied himself, by very exhaustive investigations 
carried out with a large numlier of oils and fats, as to the thorough 
reliability of this test. The experience thus gained constitutes one of 
the most importan! leasons for adopting in this work the subdivision 
of the natur.'d oils and fats into those of vegetable, and animal origin. 
A coiisideralde number of olher observers have .also confirmed the 
reliability of this test; hence the opinion of a few chemists who found 
dillicultie.'i with tliis test may bo disregarded as irrelevant. 

A serious danger threatened the reliability of the phytosteryl 
acetate test by the practice of adding small quantities of parafiin wax 
to lard in order to mask the prc.sence of vegetable oils and fats. PohnskeA 
showi'd I he inlluencc which added paraffin wa.v has in this t est, and gave 
a method not only for delecting and determining added parafiin wax 
quantitatively, but also for removing it, so that the phytosteryl acetate 
test can then be carried through without further chfficulty. The 
correctness of Pole.nske's observations has been confirmed by Laeko- 
■witsehr who claboratetf further methods for guarding against this 
possible circumvention of the phyto-steryl acetate test. 

In order to .show how far the addition of paraffin wax may defeat 
the indications of the phytosteryl acetate test, Polenske experimented 
with O'l grm. of a mixture consisting of 94 per cent of cholesterol and 
C per cent of jihytosterol, to which varying amounts of parafiin wax 
had been added. (The quantity of 0-1 gi'm. was chosen since 100 grms. 
of lard yield about 0-1 grm. of pure cholesterol.) This mixture of 
cliolestcrol and phytosterol gave in the phytosteryl acetate test the 
following numbers 

’ * Arbeiten a. d. KaiserL (lesvndh-Usmntf, 1905, xxii. 576. 

2 CVim. licpw, 19U7, 61. 
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Molting point of the 3rd crop of crystals . 118° C. 

„ « 4th „ „ . . 119° 0. 

„ „ „ 5th „ „ . . 120° C. 

The following table reproduces the results obtained with mixtures 
containing parafiin wax ;—■ 


Melting Points of Acetates obtained from 0-1 Grm. of a Mixture of 94 
■per cent of Cholesterol and 6 per cent of Phytosterol, to which varying 
amounts of Paraffin Wax have been added. 



Grins, of Paralllii Wax aiMeii. 

' 

O-llC-2 

0003 

0-005 

0-007 

0-01 

0-02 

0*00 

0-1 

Meltiii;; jioints of tlic 

•c. 

' 0 . 

“C. 

•c. 

•0. 

■c. 

‘C. 

•c. 

3ril oi'oj) ot crystals . 

117*5 

117*5 

116-5 

ll.'i 

113 

104 

79 

6d 

Molting' jioiiits of tho 









Itli crop of iTVstals. 
Melliiij' points of the 

118*5 

118 

117 

112 

103 

89 

60 

65 

&th oroji of crystals. 

120 

119*5 

118 

115 

112 


55 

53 


The amounts of paraffin wax added to the mixture of cholesterol 
and phytostcrol are therefore, in the order of the vertical columns, 2 
per cent, 3 per cent, 5 per cent, 7 per cent, 10 per cent, 20 per cent, 
50 per cent, 100 per cent, or, calculated on tho original fat, 0-002 per 
cent, 0-003 per cent, 0-005 per cent, 0-007 per cent, 0-010 per cent, 0-02 
per cent, 0-05 per cent, 0-1 per cent. It will thus be seen that as 
little as 0-007 to 0-01 per cent of paraffin wax is capable of nullifying 
the indications of tho phytosteryl acetate test; smaller (juantities are 
practically without any influence, whilst larger quantities are readily 
detected. 

Polenske described a process for removing tho paraffin wax, and, 
furthermore, a method for ascertaining its quantity. I have repeated 
PoUnske’s experiments, and can fully confirm their correctness. 

In order to a.scertain the influence of paraffin wax on pure cholesteryl 
acetate, I prepared mixtures of pure cholesteryl acetate, of the melting 
point 113‘’-113-5° C., and of paraffin wax, and determined their melting 
points. 

Melting Point of Mixtures of Cholesteryl Acetate, Melting Point 
113-5° C., with Paraffin Wax (Lewkowitsch) 

Mi-lUng Point. 

97 per cent cholesteryl acctate+3 per cent paraffin wax . . 110° C. 

03 „ „ „ +7.100° 0. 

On acotylating a mixture of 90 per cent of cholesterol and 10 per 
cent of paraffin wax, tho presence of the latter can be detected at once 
by the appearance of a droplet of paraffin wax floating on the acetic 
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anhydride solution. On subjecting the acetylated mass to recrystal¬ 
lisation, as is done in the phytosteryl acetate test, the following results 
were obtained 

Melting point of the 2ud cry.stalliiMition . . . C. 

„ „ „ 3rd „ ... !)0°-08° C. 

„ „ „ 4th ... 86'’-89'" C. 

„ „ 5th „ ... 8G°-92" 0. 

It will thus be seen tliat the melting point falls rapidly, as must indeed 
be expected, since the paraflin wax, being insoluble in alcohol, separates 
in its entirety, together with a gradually diminishing amount of chole- 
storyl acetate. 

As a corollary to these data, the result of experiments with 3 per 
cent of paralDn wax are given in the following table 

Acetates from a Mixture of 97 per cent of Cholesterol and 3 ]}er cent 
of Paraffin Wax {Lcwkoivitsch) 

iMelting point of the i.st crop of crystals . . . 104°-108° C’. 

„ „ „ 2nd „ „ ... 104''-109^ C. 

.3rd „ ... 103^-109° C. 

4(h „ ... 103'’-10!f C. 

..5111 ... 103"-108° C. 

The removal of the paraflin wax from the crude uiisaponifiable 
inattcr is carried out according to Polenske by treating the unsaponiliable 
matter obtained from 100 grms. of fat ^ with 1 c.c. of petroleum ether 
(boiling below 50'^ C.) for twenty minutes in a water-bath at 15®-16" C., 
transferring the mass to a small funnel closed with cotton wool, and 
washing with five successive portions, each of one-half c.c. of petroleum 
ether. Tlic paraflin wax is thus readily removed, whereas cholesterol 
and ])hyto.sterol, being much less soluble in cold petroleum other, 
remain on the Alter. The residue on the filter is then acetylated, and 
further treated as is usual in the phytosteryl acetate test. The draw¬ 
back of this method is that a certain amount of the alcohols is washed 
away, but it offers the countervailing advantage that more cholesterol 
is removed than phytosterol, so that the indications of the phytosteryl 
a(!etate test become more distinct, the proportion of phytosterol (if 
any) to cholesterol being increased. 

PoUnske’s method for tlio quantitative determination of paraffin 
wax consists in treating the unsaponiftable matter from 100 grms. of 
fat with 5 c.c. of concentrated sulphuric acid in a glycerin bath at 
104^^ to 105*^ 0. for one hour, when the alcohols are destroyed and the 
paraflin wax remains behind. The latter is extracted with low boiling 
petroleum ether, and weighed. In case minute quantities only of 
paraffin wax bo present, the treatment with sulphuric acid should be 
repeated. 

• A.'J caustic potasli sticks obtaiiieil iu commerce are not infrequently covered with 
parallin wax, or have K*en ca.st in moulds coated with parallin wax, this source of con¬ 
tamination with small quaiititie.s of parallin wax must be guarded against when .sajionify- 
ing the fat. Cp. Bengeu, Zeits./. UnUrs. d. Nahrgs’ u. C/enusxM., 1910, xix. 271. 

VOL. I 2 Q 
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The following table, due to PoUnske, shows the accuracy of the 
determination of paraffin wax in mixtures prepared from cholesterol 
and paraffin wax :— 



O'l gr. of Cholesterol, to which had been added Parallln Wax. 

0-003 gr. 

0-004 gr. 

o-ooa gr. 

O'Ol gr. 

0-1 gr. 

Ogr. 

Yielded Paraflin Wax. 


UniiH. 

Grin.s. 

Unns, 

Ovins. 

Crins. 

Grms, 

1. After 1st troatniciit 







with sul}'huiic acid . 

0-0041 

0-0056 

0-0063 

0-014 

0-096 

0-0029 

2. After 2iid treatment 







witli sulpliuric acid . 

0-0033 

0-0041 

0-0055 

0-0105 

0-092 

0-0005 

.. 


Unfortunately, by employing this method, the alcohols are de¬ 
stroyed, so that a confirmatory test cannot bo carried out. From a 
somewhat extended e.xpcriencc of this test the author' has been led 
to adopt the following method: The unsaponifialile matter prepared 
from the suspected sample is converted into acetate in the usual manner. 
By observing the appearance of the acetic anhydride solution, paraffin 
wax amounting to 10 per cent of the alcohols can be detected at once 
by the appearance of a globule on the surface of the acetic anhydride 
solution. The globule of paraffin wax can be llltcred oif and, after 
washing with absolute alcohol, weighed. When determining the 
melting points of the con.sccutive crops of acetate.s the above given 
tables will serve as a guide. Only in case the presence of about 0-006 
to 0-01 per cent of paraffin wax be suspected, further examination is 
required. In that event all the crystals and the mother liquors from 
the .several crystallisations are united and boiled down to dryness. 
The mixture of acetates and of paraflin wax (if any) is saponified with 
alcoholic potash, and the soap solution extracted with other, so as to 
recover the original unsaponifiable matter. If the work has been 
carried out with due care, the saponification value of the dried mass 
can be determined, as important information may thus bo gained. 
This is brought out by the oxperiment.s detailed in the following table :— 


Saponification Values of Mixtures of Cholesterol Acetate and 
Parajjin Wax (iMihmitsch) 



Calculated. 

Found. 

Cliolestcryl acetate 

136-6 


I. 0'1146 gnn. cholesteryl acetate 



4-O OlOOgrm. paratlin wax 

124-6 

121-6 

II. 0*1138 ^frm.cholcsteryl acetate 



+ 0*0200 grm. paraffin wax 

116-2 

117-3 


’ Lewkowitfjch, Ohem. Revue, 1907, No. 3. 
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The paraffin wax can then be determined quantitatively in the 
recovered unsaponifiable matter as directed above. 

Yiiniaus suggests purification of the “ sterols ” by means of digitonin 
(see Chap. III.), as follows ;— 

Dissolve the unsaponifiable matter in 60 parts of boiling 95 per 
cent alcohol (or in case there be present some insoluble matter prepare 
an extract by boiling out with alcoliol) and add a hot 1 per cent 
solution of digitonin in 90 per cent alcohol until no longer a precipitate 
separates out. The precipitate settles out after a few hours’ standing, 
is filtered on a Gooch crucible, washed with alcohol and ether, dried 
at 100° C., and weighed. From the equation 

C820no02a^ CajHjgO t CgEHujO^g 
Diiiiloiiiii* j, iCliolo-, Digitttnin. 
icholcstci'ol. Hleiol. 

it follows that if a be the quantity of digitonincholesterol found, the 
quantity of sterol s is obtained by multiplying a with 0-2131 
For practical puiposes the factor 0-25 is sufficiently accurate. 

,In the author’s experience the digitonin method does not always 
yield satisfactory results.^ 

The phytosterol referred to in the preceding lines should not be 
tahen as consisting of a chemical individual. Since Windaus and 
Uauth " liave found ihat the “ phytosterol ” of Calabar beans consists 
of a mixture of true pliytostcrol (sitosterol) and stigmasterol, the 
presence of the latter—conjomtly with that of phytosterol—in vegetable 
oils has been proved in the case of rape oU, soya bean oil, etc. , 

The separation of stigmasterol from phytosterol is effected by 
acetylating the mixed alcohols and brominating their acetates, when 
tetrabromostigmastoryl acetate and dibromophytostcryl acetate are 
formed. The separation of the two esters is easily effected, as tetra- 
bromostigmasteryl acetate is insoluble m a mixture of glacial acetic 
acid and ether, whereas dibromophytosteryl acetate is soluble. The 
original alcohols are then regenerated from their bromoderivatives by 
reducing with zinc dust and acetic acid in alcoholic solution. From the 
recovered acetates the original alcohols are prepared, and identified by 
their melting points, etc. 

In a similar manner brassicasterol is separated from phytosterol. 

For the separation of cholesterol from phytosterol the following 
method, based on the behaviour of their respective dibromides (see 
Chap. III. pp. 267, 276) to a mixture of ether and glacial acetic acid, was 
proposed by Windaus? The modus operandi is best illustrated by an 
example given by Windaus ;—A mixture of 4 grms. of phytosterol and 
0-4 grm. of cholesterol was dissolved in 44 c.c. of ether, and 44 c.c. of a 
solution of 5 grms. of bromine in 100 c.c. of glacial acetic acid was added. 
No crystals of cholesterol dibromide separated. On adding 11 c.c. of 
50 per cent acetic acid a precipitate weighing 0-14 grm. and consisting 

1 C‘p. Cliap. IIJ. p. 264. Cp. also H. Mattlies and A. Dahle, Archtv li. I'harm. 
1911 (249), 442. 

2 AffieWr, 1906, 4381 ; 1907, 3681. « Ctoi. Zeit, 1906, 1011. 
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of practically pure cholesterol dibromide was obtained. This precipitate 
was washed with 22 c.c. of j'lacial acetic acid and subsequently with 
11 c.c. of 50 per cent acetic acid. On adding the wash liquors to the 
main fdtrate a further precipitate weighing 0-24 grm. was obtained, 
which consisted of a mixture of cholesterol and phytostorol dibromides. 
From the filtrate 3 grms. of phytosteryl acetate could be recovered. 
Holde ’ stated that this method is unreliable when only small quantities 
of cholesterol are contained in the mixed alcohols. The author,'* 
however, obtained satisfactory results by Windaus’ method in the case 
of mixtures of animal oils and fats with vegetable oils and fats containing 
at least 20 per cent of the former. With smaller quantities of animal 
oils and fats the results were no longer accurate enough to permit of 
quantitative interpretation. For such cases the author suggests the 
preliminary partial separation of the mixed alcohols by means of 
petroleum ether, in which cholesterol is much more soluble than phyto- 
sterol (Chap. III. p. 266 and p. 276). The ethereal solutions are evapo¬ 
rated to dryne.ss and treated once more with petroleum ether. The 
alcohols obtained on evaporation are then treated by one of the two 
preceding processes. 

The bromide method can be used as a check on the phytosteryl 
acetate methods as regards quantitative interpretation. 

If the crude unsaponiliable matter be very impure, the purification 
by means of the digitonin product may be interpolated as a preliminary 
operation. 

Klnntmth ® studied the application of the bromo-thormal test to 
the quantitative determination of mixtures of chole-storol, phytosterol, 
and stigmasterol. The numbers given in the following tables show 
that the “ Heat of Bromiuatiou ” test affords a very convenient and 
even accurate method. 


Brotno-thermal Test of “ Sterols ” and their Acetates 


Wterol. 

Cholesterol 

Sitosterol 

Stigmasterol 


Aci-tatc. 


Cholesterylacftatc 
Sito.sterylaeotate . 
Stigmasterylacetato . 


' C. all*tr two iMinulCH. 

7-38 

7-00 

14-3 


Heat of Hioiiiiiialion. 

C. 

|Fouii<lafter2iiiin. 

CalculKtfil from 
imliiie valiii). 

40 

«-7!) 

O-f) 

()-70 

12-7 

12-42 


^ Zeils.f. nnyetn. (Jhe.m., 190C, 1609 ; ep. also P. Werner, Inaidj. Disml.^ 13erlin 
1911, and Chap. III. p. 267. 

* .laJirbuch dcT Clwii., 1906, xvi. 406. 

* fnaug. Dissert., Munich, 1911. 
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Mixtures of Cholesteryl- and Sitosteryhcetate 


Mixture containing 

Heat of Bromiiiation. 

'C. 

Calculated from HiMt of 
Bromiiiati<m. 

(Jholi'steryl- 

aw'tiiti'. 

Sitosteryl. 

ac(;tati*. 

Foiiml. 

Calculated. 

Cholesteryl. 

acetate. 

Rilostoryl* 

acietale. 

Per cent. 

Per cent. 



Per cent. 

Per cent. 

00 

10 

4-3 

4-35 

88 

12 

50 

50 

5-3 

5-35 

48 

52 

20 

80 

5-95 

(vO 

22 

73 

10 

90 

0-3 

6-25 

8 

93 


Mixtures of Cholesteryl- and Stiymasterylacetnte 


MixUire roiitaiiiiii^' 

Jleat of Brotiiinatioii. 

'0. 

Calciil’iteil fi oni Heat of 
Broiriination. 

CliOlesp-ryl- 

acetate. 

Stijtiiiasteryl- 

accuti-. 

Found. 

Calculated. 

CiiDlesteryl* 

acelate. 

StieitlJMteryl- 

aciUte. 

Per cent. 

Per cent. 



Per cent. 

Per cent. 

95 

5 

4-4 

4-43 

95-5 

4-5 

55 

45 

8-1 

8-0 

540 

40-0 

50 

50 

8-2 

8-35 

52'0 

48-0 

80 

20 

110 

110 

80 

200 


Mixtures of Sitosteryl- and Stigmasterylacefate 


Mixture coutRiiiiii}; 

Heat of Urominntion. 

Calculated from llaat of 
Hrominat ion. 

Sitosteryl- 

accLiite. 

Stijimasteryl- 

acetati’. 

Found. 

(;.alculated. i 

Sitosteiyl- 

aceUlte. 

Sti;;ma.steryl- 
ac<‘t ale. 

Per cent. 

Per cent, j 



! J’ercent. 

Per cent. 

95 

t> i 

(i-75 

6-81 ! 

90-0 

4-0 

50 

50 1 

9-7 ' 

90 i 

48 

520 

20 

80 ! 

11-5 i 

11-40 

20 

80-0 


Comparative tables showing the relation between heat of bromina- 
tion and melting point of cholesteryl- and sitostcrylacetate, cholesteryl- 
and stigmasterylacctate, sitosteryl- and stigmastcrylacctato respectively, 
are given below :— 


[Table 
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Mixtures of Cholesteryl- and Sitoslerylacetate 


Iloat of Hromiiiatioii. 

Molting Point. 

Chole.stf-rylacotati'. 

Sito,sterylacotati‘. 

“C 

•c. 

For cent. 

For cent. 

4 

1130 

100-0 

0 

4-2 

1170 

02-0 

8-0 

4-35 

1180 

80-0 

140 

4-a'S 

120-5 

80-0 

20-0 

4-7 

123-2 

72-0 

28-0 

505 

12()-2 

•WO 

42-0 

5-4 

127-5 

44-0 

50-0 

5(> 

12S4 

30-0 

04-0 

5-5) 

12S-2 

24-0 

70-0 

()• 15 

1280 

14-0 

SG-0 

()-r> 

127-0 

0 

100-0 


Mixtures of Cholesteryl- and Stiymasterylaceiatc 


lloat of Oruiiiination. 

JLt-ltiiig roiiit. 

Cliolf-sterylacetati'. 

Stigmaslorylacl'tato. 

" C 

“C. 

per ci-nt. 

Ptir cciiU 

4 

1130 

100-0 

0 

5-4 

117-8 

84-0 

10-0 

5-0 

110 2 

70-0 

21-0 

0-1 

120-4 

70-0 

24-0 

7-05 

123-0 

05-0 

35-0 

103 

1.33-0 

28-0 

72-0 

11-4 

137 0 

15-0 

85-0 

12-7 

141-0 

0 

100-0 


Mixtures of Sitosteryl- and Sliiiinnslerylacelale 


' il<‘at of Broniiiiat.ion, 

Molting Point. 

Hitost<-iylar«tal(‘. 

SUgniast'uyliici-tatn. 


-c. 

I’t-r (N-nt. 

Per ci-iit. 

0-5 

127-0 

100-0 

0-0 

7-0 

128-2 

02 t 

8 

7-5 

130-4 

84 

16 

8-15 

132-8 

73 

27 

8-55 

133-6 

67 

33 

8-0 

134-5 

01 

30 

0 2 

135 0 

56 

44 

100 

1360 

44 

56 

11-4 

130-0 

21 

79 

12-7 

141-0 

0 

100 


Instructive is also the following table, in which the heat of bromina- 
tion and melting point are given of successive crystallisations from 
alcohol of a mixture of 80 parts of cholesterylacetate and 20 parts 
of .acetates of Calabar bean phytosterols. The Calabar bean phyto- 









IX 


EXAMINATION OF HYDROCARBONS 


599 


sterols wore chosen for comparison, inasmuch as they represent a 
typical and presumably constant mixture of sitosterol and stigma- 
sterol. 


FrBctioii. 

ITi'ivt of 
Brotiiinal.ioii. 

Multiii;; I’oiift. 


■■ C. 

"C. 

1. 

5-1 

1200 

2. 

5-35 

1220 

3. 

5-7 

]2rv4 

4. 

G-4 

1282 

5. 

7-3 

1 

130-4 


Polenske * observed that from old and rancid fat there were always 
obtained larger quantities of unsaponifiable matter than from fresh 
fat. In the case of old rancid fat it was not possible to obtain even by 
repeated crystallisation pure alcohols of normal melting points. The 
melting points of the acetates obtained from those alcohols are also 
lower than those derived from the corresponding fresh fats. 


B. ExAMI.V.mON OP Hydrocakboxs 

The Isolation of hydrocarbons contained in the unsaponifiable 
matter fr-om oils and fats, their separation from the sterols and purifica¬ 
tion of the hydrocarbons themselves, involves a complicated investiga¬ 
tion which hardly falls within the province of a technical examination. 
In order to prepare sufficient quantities of hydrocarbons, it is necessary 
to work with very considerable quantities of oils and fats. 

It must, therefore, sulfice here to enumerate those hydrocarbons 
which have been isolated hitherto in a state of purity, and to refer for 
the special methods adopted for this purpose to the original papers, 
given in Vol. II. under the headings of the oils and fats, from which 
the hydrocarbons have been derived :— 


Hydrocarbons Isolated from Oil and Fats 


Eaitlaj 



Owmrt'iKH' in 

Mi^ltiiis Point. 

Observer. 



'C. 


42 , Pctrosilane . 

I’arsloy seed oil 

09 

Matthes and Hointz 

»» • • • ■ 

Chrysalis oil 

62-5 

Monozzi and Moreschi 

42 , Laiirano. 

Laurel oil 

69 

Matthes and Sander 


Kosam seed oil 

07-08 

Power and Lees 

.0 ^Ainvrihmo ?) 

Cacao butter 


Matthes and Kohdich 

(!) 

Buck thorn oil 

81-82 

Krassowski 


1 ArbtiUn aus dm kaiserl, OesundtieUsamte, 1912, 38, Heft 5. 
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2. Unsaponlflable Substances oeeurrlngf In Waxes 

In order to effect complete hydrolysis of the esters in waxes, it is 
advisable to saponify with double normal alcoholic potash under 
pressure, or preferably with sodium alcoholate (cp. Chap. II.). 

The unsaponifiable constituents of waxes consist of aliphatic alcohols 
[cetyl alcohol, ceryl alcohol, melissyl (myricyl) alcohol, etc.], or a 
mixture of these with sterols (“ phytostcrol ” in the case of vegetable 
waxes and cholesterol and isocholestcrol in the case of wool wax); 
in the case of some .solid waxes considerable proportions of hydrocarbons 
are also found. Since the unsaponifiable matter does not consist of one 
single chemical individual, uUimate anahjsis does not fnrni.sh any useful 
data. Nor will the determination of the ineltiny point yield more than 
some slight preliminary information, as will bo seen from the following 
table giving the melting points of tho.se substances which are most 
likely to be met with in the unsaponifiable matter of solid waxes :— 


Un.-<aponiHabl(* Siibstauces. Meltiti^i Point,'’(J. 

Cdtyl alcohol .... f»0 

Ceryl alcohol .... 79 

Mclis.syl (myricyl) alcohol . . 85 

Cholesterol ..... 148-41.5f)'8 

Isocholestcrol .... 137-198 

Beeswax hydrocarbon CjjHsa . . 00-5 

«• 


With regard to the alcohols occurring in licpiid waxes, cp. Vol. 11. 
Chap. XIV. “ Sperm Oil.” 

If a mixture of several of these substances be present, the indications 
furnished by the melting point become of still less importance, as small 
quantities of impurities considerably depress the melting point. Only 
in case a very high melting point has been obtained, conclusions may 
be drawn as to the presence of cholesterol, but it should be remembered 
that a mixture of chole.sterol and isocholestcrol melts below lOtT C. 

Ultimate analysis and the determination of the melting point 
will only furnish decisive information, if in tlvr course of a detailed 
examination pure substances have been obtained. 

For the purposes of technical analy.sis the following two proce-sses 
wiU furnish guidance as to the methods to be adopted for further 
investigation. 

1. Weigh off accurately from ,3 to .5 grms. of the mixed unsaponifiable 
substances and boil with twice the weight of acetic anhydride in a 
flask under a reflux condenser. Pour the acctylated mass into 300 
c.c. of boiling water so as to hydrolyse the excess of acetic anhydride, 
allow to cool, and then filter the separated mass through a weighed 
filter (cp. Chap. VI. “ Mono- and Di-glyccrides ”), wash until the wash 
waters are no longer acid, and dry to constant weight {Lewkowitsch). 
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From the increase in weight, preliminary information may be gathered 
as to the proportion of alcohols present. For this purpose the last 
column of the table given p. 604 should bo consulted. 

2. Boil the unsaponiiiable substance with acetic anhydride, as 
described under 1, and observe the appearance of the hot liquid. The 
following throe cases may present themselves :— 

(a) The unsaponiiiable matter is completely dissolved in acetic 
anhydride, and no separation takes place on cooling. This indicates 
that alijihaiic alcohols are present. 

(b) The unsaponifiable matter is completely dissolved in the hot 
liquid, but on cooling a magma of crystals separates out. This indicates 
the presence of cholesterol (isocholesterol) or phytosterol, or of some 
higher aliphatic .alcohols, or of a mixture of these substances. 

(c) The hot solution is not homogeneous, a clear oily layer floating 
on the top of the hot acetic anhydride solution. This indicates the 
presence of notable quantities of hydrocarbons (naturally occurring 
hydrocarbons, or admixed paraffin wax, ceresin, etc.). Any alcohols 
such as described under (o) and (b) would remain dissolved in the hot 
acetic anhydride. The presence of cholesterol or (.and) phytosterol 
would be recogni.sed as under (b). If the lower lai'er be clear on cooling, 
alcohols of the alijrhatic series may be present. 

An approximate .separation of hydrocarbons from the alcohols can 
be effected by the following method, which the author has frequently 
employed with advantage :—The hot acetylated mass is transferred to a 
small separating funnel of thin-walled glass, as little acetic anhydride 
as possible being used to rinse the flask. The separating funnel is 
carefully warmed, so that all the alcohols remain in solution and two 
distinct layers are obtained. If too much acetic anhydride be used, 
notable quantities of hydrocarbons pass into solution.* The clear 
lower layer is drawn off whilst hot, and examined for the presence of 
alcohols, as de.scribed below ; the upper layer of hydrocarbons is 
washed with a small quantity of acetic anhydride in the hot. 

The hydrocarbons are then allowed to cool, rinsed with boiling 
water on to a filter, and weighed. They may then be further examined 
by determining th''ii meltiug point and iodine absorption, and if 
deemed necessary purified by re-crystallisation from suitable solvents 
and subjected to elementary analysis. The hot acetic anhydride 
solution containing the alcohols is run into boiling water, and the 
separated acetates (of aliphatic alcohols, cholesterol, etc.) arc washed 
on a filter until the wash-waters are no longer acid. 

By determining the saponification value of the acetates on the 
filter in the manner described under the heading “ Saponification 
Value ” (Chap. VI.), and comparing the numbers so found with those 
recorded in the table given below, some further information will be 
gathered as to the composition of the original alcohols. 

If a mixture of aliphatic alcohols with cholesterol or isocholesterol 

‘ Cp. Marcus-son, Miith, K&nig. Tech, Vert.-Ansi., 1900, 261 ; Dunlop, Joum. Soc. 
Chem. hid., 1908, 63. 
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be suspected, it will be useful to remember that the acetates of the 
sterols require larger quantities of hot 95 per cent alcohol for complete 
solution than do the aliphatic alcohols. Thus a separation of chole- 
steryl and isocholesteryl acetates from the acetates of the aliphatic 
alcohols can be attained to some extent. Complete separation, however, 
cannot bo effected, as has been shown by Lewhowitseh} From a mixture 
prepared from weighed quantities of cholesterol and cetylalcohol he 
obtained in two experiments 60 and 69 per cent of the theoretical 
quantities of pure cholesteryl acetate in the first crop of crystals, 
whilst the second crop of crystals—9 per cent—contained notable 
quantities of cetyl acetate. Again, on boiling wool wax alcohols 
[consisting of cholesterol, isocholesterol, coryl alcohol, and other 
imknown alcohols] with acetic anhydride, and trying to separate the 
acetates by crystallisation fi'om alcohol, Lewkoicitsch isolated ceryl 
acetate iff a crystalline state, whilst the acetates of the cholesterols, 
with the acetates of the unknown alcohols, formed oily substances from 
which no crystals could be obtained. 

If cholesterol and isocholesterol be absent and only aliphatic alcohols 
arc present (as in the case of carnauba wax, beeswax, spermaceti, and 
insect wax) the mixed acetates may be approximately re.solved into their 
constituents by fractional crystallisation from alcohol. The determina¬ 
tion of the saponification values and also of the iodine values will 
furnish important clues. For further examination the acetates are 
converted into the corresponding free alcohols by saponification with 
alcoholic potash. Incidentally the determination of the saponification 
values is combined with this operation; when the e.xcess of alcoholic 
potash Is titrated back, the alcohols separate out. These are pre¬ 
cipitated completely by addition of water, and can be recovered quan¬ 
titatively for further examination. It will be useful to determine the 
melting point and the iodine value of the isolated alcohols, and to 
examine them qualitatively for cholesterol and isocholesterol. 

A. Leys ^ propo.se3 a method tor the separation of alcohols from 
hydrocarbons (especially in the case of beeswax and carnauba wax), 
based on the treatment of the mixture with an amyl-alcoholic solution 
of fuming hydrochloric acid (equal parts) in the hot; the alcohols are 
thereby dissolved, whereas the hydrocarbons separate out as an insoluble 
mass. Leys saponifies 10 grms. of the substance with 25 c.c. of alcoholic 
potash (45 grms. potash in 1000 c.c. of absolute alcohol and 50 c.c. of 
benzene in a special flask® (sec Fig. 55)). When the saponification 
is completed, 50 c.c. of hot water are added and boibng continued 
under a reflux condenser for a few minutes. The soap solution is 
drawn off while hot, and the benzene solution is washed with hot 
water. After withdrawing the wash-water completely, the benzene 
solution is evaporated to dryness in a porcelain dish. The residue is 
then transferred with 100 c.c. of hot amyl alcohol to a beaker and an 

* Jcnim. Hoc. dieni. hid., 1892, 143. 

* Journal de Pharm. e.t de Chimie, 1912 (v.), C77. 

* Obtainable from J. Thurneyesen, 68 rue Monsieur le Prince, Paris. 
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equal volume of fuming hydrochloric acid is added. This is then 
boiled over an asbestos plate; the alcohols dissolve, whereas the 
hydrocarbons separate on the 
top as a cake. The hydro¬ 
carbons are taken ofE and 
boiled out once more with a 
mixture of 25 c.c. of amyl 
alcohol and 25 c.c. of fuming 
hydrochlorfo acid. After cool¬ 
ing, the cake of hydrocarbons 
is taken off, rinsed with water, 
dried, and weighed. The 
alcohols remaining in the lower 
layers arc boiled with water, 
the acid solution is drawn off 
and the amyl alcohol solution 
well washed. The amyl alcohol I’i- -.s. 

is finally distilled off, the 

residue dissolved in benzene, and after evaporating the latter, are 
weighed. The alcohols may be further examined by the methods 
described below. 

Cholesterol and isocholestcrol can to some extent be separated 
from one another by means of their benzoates. These are prepared by 
heating the alcohols with 4 jiarts of benzoic anhydride ^ in a sealed 
tube to 200“ C. for thirty hours (p. 271). The product is boiled out 
repeatedly with alcohol, in order to remove any adhering aliphatic 
alcohols. The mixed benzoates are then dissolved in ether and allowed 
to crystallise. Cholesteryl benzoate crystallises in hard rectangular 
plates, whereas isocholesteryl benzoate is obtained as a light crystalline 
powder, which can be roughly separated from the former by decantation 
and elutriation. Cholesteryl benzoate melts at 160“-151“ C., iso- 
cholestcryl benzoate at 190“-191“ C. For a confirmatory test, the 
benzoates should be saponified with alcoholic potash, and the cholesterol 
and isochole.9terol precipitated bv diluting w’ith water. The separated 
alcohols may 'be further identified by their optical rotations and their 
melting points.''^ • 

In the following table wiU bo found a synopsis of those characteristics 
which prove of assistance in the examination of the solid unsaponifiablo 
substances:— 



* Schulze, Heridite, 5. 107G ; 6. 571 ; Journ.f. prakl. (Jkem. 115. 163. 

- Lcwkowitach, Jonrn. Soc. Vhem. ind., 1892, 142. For a method of ascertuining 
the composition of an aliphatic alcohol by converting it into its palniitate and distilling 
the latter, when the corrospoiKliug unsaturated hydrocarbon is obtained, see F. KralTt, 
Ikrichte, 1883, 3018. 


[Table 
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According to Hell, the substance, intimately mixed with soda-lime, 
is introduced into the tube i (Fig. 66), and the mixture covered with 

soda-lime. In order to reduce the 
volume of air to the smallest pos¬ 
sible amount, the sealed tube k is 
placed inside tube i. The latter is 
closed by a perforated india-rubber 
stopper p provided with tube r, 
whi(4 connects i with a Hofmann 
gas burette, filled completely with 
mercury, and closed at the top by 
means of the three-way tap-h. The 
tube i is then immersed in an air- 
bath provided with a thermometer. 
Tube 4 is at first brought into com¬ 
munication with the air by tap h, 
then the height of tlie barometer 
and temperature of the air i.s noted 
and i connected with the burette 
by suitably turning the three-way 
tap. Part of the mercury is then 
withdrawn by tap (/, and the air- 
bath heated to 300°-310'’ C., until 
the level of the mercury remains 
l ig. f,a constant. The apparatus is then 

allowed to cool down to the tem¬ 
perature of the room, when the original pressure is again established 
by adding mercury. The volume of gas is then read off and calculated 
to 760 mm. pressure and 0° C. The hydrogen may be measured either 
after drying the gas, or after saturation with moisture, when a correction 
for the tension of the water vapour must be made. The drying of the 
gas is done most conveniently by taking a longer tube i, and placing 
over k a layer of strongly heated soda-lime. 

A. and F. Buisine^ showed that the reaction does not take place 
quantitatively if a wax be heated directly with potash-lime (1 part of 
caustic potash and 2 parts of Umc). They proceed therefore in the 
following way : 2 to 10 grms. of a wax, weighed accurately, are melted 
in a porcelain crucible, and an equal weight of finely powdered caustic 
potash is stirred into the melted mass. The hard mass obtained on 
cooling is carefully powdered and intimately mixed with three parts 
of potash-lime for every part of wax weighed off. The mixture is 
placed in a test-tube or a pear-shaped flask, care being taken that the 
vessel is nearly filled; the mass is put into an iron still, filled with 
mercury, and closed by a cover having three nozzles. Through one of 
these passes the outlet tube from the glass vessel containing the sub¬ 
stance, whilst into the second is fixed a thermometer ; the third nozzle 
is provided with a long iron tube to condense or lead away the mercury 
vapours. 



Alonit. Bcientiff.y 1890, 1127. 





IX 


DKTERMINATION OF ALCOHOLS 


607 


Instead of collecting the gas in a Hofmann burette, A. and P. 
Buisine prefer the apparatus designed by Dupre, and shown in Fig. 67. 
The gas evolved can be made to enter the vessel E either from the top, 
by opening tap A, or from the bottom, by opening tap B. The internal 
diameter of the glass tubes provided with its taps A and B is small. 
When all connections have been made, bottle E is fiUbd with water by 
raising bottle F until water enters C. Tap D is then closed, bottle F 
lowered, tap A opened, and the mercury heated. At 180° C. the re¬ 
action commences ; the temperature is, however, raised to 250° C. and 
kept thereat for two hours. If gas is hberated copiously, tap A is closed 



and B opened ; thus it is easy to control the progress of the reaction. 
When bubbles of gas nij longer rise through the water, tap B is closed 
and A opened. The apparatus is then allowed to cool down, and the 
gas introduced into the eudiometer ; the volume read off is reduced to 
760 mm.‘ pressure and 0° C. and calculated to 1 grin, of substance. 
With the aid of the above-given table the number of c.c. of hydrogen 
found is calculated to the proportion of the alcohol assumed to be 
present. It is of course obvious that simpler apparatus than the one 
shown in Fig. 67 may be readily constructed. For the modification 
employed by Ahrens and Belt cp. Vol. II. Chap. XIV. “ Beeswax.” 

If oleic acid be present the temperature should not be allowed to 
exceed 260° C., as otherwise palmitic acid is formed with evolution of 
hydrogen (see Chap. III. p. 168). 

Since cholesterol remains practically unchanged, it can be separated 
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off by extracting the powdered residue with ether in a Soxhlet extractor. 
Any solid hydrocarbons, which have not been removed beforehand (by 
the acetic anhydride method, p, 601), will be extracted simultaneously 
with the cholesterol, and can now be separated from it by means of 
acetic anhydride. 

The soda-lime residue, freed from cholesterol and hydrocarbons, 
contains the salts of the fatty acids corresponding to the alcohols 
present. Thus cetyl alcohol, coryl alcohol, and meUssyl alcohol yield, 
respectively, palmitic acid, cerotic acid, and melissic acid. The salts 
are decomposed by means of sulphuric acid, and the liberated fatty 
acids collected, examined, and identified by their melting points and 
mean molecular weights. If a mixture of all three acids be present, 
palmitic can be readily separated from the other two by converting 
the mixed acids into sodium soaps and treating the mLxture witli 40 per 
cent alcohol, wlicn sodium ccrotate and melissatc remain undissolved 
and can be filtered off (cp. Chapter XL). The soaps arc then decom¬ 
posed by adding mineral acid and the mi.xturc of cerotic and melissic 
acids is examined for melting point and mean molecular weight. If the 
melting point warrants the assumption that only cerotic and melissic 
acids are present, the respective proportions of cerotic and melissic 
acids can be calculated approximately from the mean molecular weight 
of the mixture (see Chapter XL). With regard to the unsaponifiable 
matter in “ montanwax ” see Vol. HI. “ Montanwax.” 


B. DETECTION AND DETERMINATION OF ADMIXED 
UNSAPONIFIABLE SUBSTANCES 

Admi.xed solid unsaponifiable .substances, such as parallln wax and 
ceresin, are detected and determined as de.scribed above. 

In manufactured products, such as “ commercial stearinc,” “ Turkey 
red oil,” etc., lactones or anhydrides occur which may be mistaken for 
unsaponifiable matter. Due care must therefore be taken in such 
cases to guard against error (cp. “ Lactones,” Chapter VIII. p. 520). 
It should also be remembered that waxes are saponified with difficulty ; 
any portions that may have escaped saponification would be found 
amongst the unsaponifiable matter. 

Considerable quantities of liquid imsaponifiable substances may be 
due to legitimate admixture with hydrocarbons, as in the case of 
burning or lubricating oils (cp. Vol. III. Chap. XV.). In the majority 
of instances, however, they constitute adulterants. 

Liquid unsaponifiable substances may consbt of mineral oils, rosin 
oils, or tar oils, or a mixture thereof. In case only one class of these 
oils be present, the specific gravity will furnish the readiest means of 
identifying the liquid unsaponifiable matter, as may be gathered from 
the following table:— 



IX 


MINERAL OILS—ROSIN OILS 


609 


Class of Oil. Specific Gravity. 

Heavy mineral oils .... 0'840-0*990 
Rosin oils ..... 0'960-I’01 
Coal tar oils .... higher than 1-01 

Mineral Oils.—The lower limit of tiieir specific gravity has been 
placed here by the author at 0-840, since admixture with mineral oils 
of lower specific gravity is as a rule not practised, as the specific gravity 
alone (as also the low fla.sh point) of an adulterated fatty oil would reveal 
the presence of hydrocarbon oils of lower gravity. If mineral oils 
he ])resent, the distillation products of crude petroleum, shale, and 
lignite, boiling at 250*^-300” C. and having the specific gravity 0-85D- 
0-900, may be expected. Sometimes also higher boiling oils of the 
specific gravity 0-9lX)-0-930 arc met with in adulterated oils and fats. 

Mineral oils of still higher specific gravity, up to 0-990 {Texas oils), 
arc mostly too dark to be used for admixture with oils and fats. Frac¬ 
tions boiling below 250^ C., svu-h as those contained in kerosene ” 
(burning oil}, will only be found in very small quantities ; they are 
best detected by the flasli point tost (see Vol. III. Chap. XV.). 

Rosin Oils,—The specific gravity of ibose oils which are obtained 
by subjecting colophony (rosin) to destructive distillation (cp. Chap. X. 
p. (il7) and fractionating the distillate into “ rosin spirit ” (^‘pinolin”) 
and “ rosin oil,” ranges as a rule from 0-96 to 0-99; yet i-osin oils 
having the specific gravity 1-01 arc also met with in commerce. The 
chemical composition of ro.sin oils is not yet fully understood; they 
consist mostly of liydro<'arbons related to tlie terpenes, but contain 
also, according to the care exercised in distilling, larger or smaller 
(piantities of ” rosin acids ” and other oxygenated substances. This 
is sliown in tlie third (rolumn of the following table, in wliich the analyses 
of a number of commercial rosin oils,^ carried out in the author s 
laboratory, arc detailed : -- 


Commercial Bosin Oils (Leivkoivifsch) 


Rosiii Oil. 

Siiecillc Uravity 
at W F. 

Rosin Acids, catcu- 
l.-ilcii to Coiiibiiiing 
Wciglit 3111.- 

“Soft”. 

0-9878 

For cent. 

9-2 

“Medium" . 

0-9946 

26-3 

“Hard” 

0-9974 

31-2 


0-9877 

19-6 

.. 

0-9890 

20-3 


0-9982 

18-6 

“Siccative” . 

0-9955 

4-9 

“Extra hard oil ” . . 

1-0116 

18-4 


1 With regard to rosin oil from Pinus longifdUi cp. F. Rabat, Pharm. Review, 1905 
(23), ‘^29. 

It is doubtful whether the ‘ ‘ rosin achls ” are actually “ abiotic acid,’ as has been 
assumed for purposes of calculation, or rather acidic products due to the de.stnictive dis¬ 
tillation of abiotic acid (cp. F. Schulz, Cfiem. Revue, 1909, 187). 

VOL. I 
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It should be noted that any rosin oils found in the unsaponifiable 
matter are free from the rosin acids originally contained in the com¬ 
mercial oils, the rosin acids having combined with caustic potash to 
form soap iu the saponification process. Therefore, if rosin oil has 
been detected, the original amount of admixed “ rosin oil ” exceeded 
the amount found by quantitative analysis. If no colophony was 
added to the sample under examination, then the amount of rosin 
acids can be determined by Twilchell's method (see p. 625). If, how¬ 
ever, colophony also was added, then an approximate estimation only 
can be made with the aid of the numbers set out in the last table. 

Coal Tar Oils.—The oils falling under this head boil between 240° 
and 350° C. They are freed for the most part from naphthalene and 
anthracene by cooling, and from phenols by washing with caustic soda. 
They are used as such as lubricants in gas suction pumps or as in¬ 
gredients of lubricating greases, and are employed as adulterants of 
painters’ varnishes and in lubricating oils. 

Their specific gravities arc above 1 -00. 

The indications furnished by the specific gravity test alone are 
of very limited value if a mixture of two of the described classes of 
oils, or even all three, be present. The following methods for further 
examination are available :— 

The most reliable test for the detection of rosin oil in mineral oil, 
provided the rosin acids have not been removed in the preparation of 
the unsaponifiable matter, is, as the author can testify from his own 
experience, the Liehermann-St&rck reaction :- 

1 to 2 c.c. of the sample under examination are shaken, in a test- 
tube, with acetic anhydride - at a gentle heat; after coohng, the acetic 
anhydride layer is drawn off by means of a pipette, and tested by 
adding one iop of sulphuric acid of 1-53 specific gravity.® If rosin 
oil is pre.sent,.a fine violet (fugitive) colour is immediately produced. 

If less than 1 to 2 c.c. are available, the test can be done on a watch- 
glass, by stirring the liiiuid with acetic anhydride and allowing a drop 
of sulphuric acid to run down the side. 

It should be borne in mind that cholc.stcrol gives a similar colour 
reaction. If, therefore, cholesterol® be suspected, the presence of 
rosin oil would be proved best by examining the mixed fatty acids 
(obtained from the soap solution) for rosin acids (see below), which 
always accompany rosin oils.® A more complicated method would be 
to identify cholesterol as the benzoate. 

The refractive index of rosin oils «j 5 = 1-535-1’5548, whereas mineral 


^ For a characteristic colour reaction of piiiolin propoaetl by Grimaldi see Vol. III. 
Chap. XV. “Varnishes.” 

It. is advisable to ascertain the purity of the acetic anhydrWe by a lilank test. 

3 This acid contains 62*.'»3 per cent of SO 4 H 2 ; it is prepared by mixing 34-7 c.c. of 
cone, sulphuric acid with 35*7 c.c. of water. 

* Green fluorescence of the liquid, after the violet colour has disappeared, points to 
the pre.sence of isocholesterol. 

^ Recently rosin oils have appeared iu the market, which are so well refined that they 
do not give the Liebermann-Storch colour reaction. 
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oils are lower but may reach 1*507. The flash point of rosin oils lies 
above 250° C. ■ 

The quantitative determination of minepal oil in mixtures of mineral 
oil and rosin oils is of practical importance in the examination of 
lubricating oils. The methods hitherto elaborated will be described 
under the heading “ Lubricating Oils ” in Vol. III. Chap. XV. 

If rosin oils be absent, and the specific gravity pointa to the presence 
of tar oils, the latter may be detected with the aid of nitric acid of 
specific gravity 1*45.^ Tar oils exhibit a decided rise of temperature on 
mixing with this acid, whereas mineral oils beemme but slightly warm. 

, It is best to ascertain by a preliminary test whether a violent reaction 
takes place or not, as the size of apparatus to be chosen for the experi¬ 
ment depends on the result. 7*5 c.c. of the sample are placed in a 
graduated tube, cooled to 15° C., and 7*5 c.c. of nitric acid, specific 
gravity 1*45, previously cooled to 15° C., arc added. The tube is 
closed by a cork, provided with a thermometer, and the contents are 
shaken thoroughly. The rise of temperature is then read off. If a 
strong reaction has occurred, it is advisable to employ smaller quan¬ 
tities, and to proceed as in Maumene’s temperature reaction test (sec 
p. 479). The same reaction has been proposed by M^Ilhiney^ for 
the detection of rosin oil in a mixture of this oil with mineral oils. 

The qualitative detection of rosin oils by means of tlieir optical 
rotation will be dealt ^vith under the headings “ Linseed Oil ” (Vol. II. 
Chap. XIV.) and Lubricating Oils ” (Vol HI. Chap. XV.). 

Recently Valeiila ^ proposed a method based on the observation 
that dimothylsulphato ^ dissolves coal tar hydrocarbons readily at 
the ordinary temperature and is miscible with them in all proportions, 
wiicreas it does not dissolve petroleum hydrocarbons in the cold. The 
further observation that dimctliylsulphate has a very slight solvent 
action upon rosin oils in the cold led ValetUa to propose dinmthylsulphate 
as a suitable reagent for separating aromatic hydrocarbons from ali¬ 
phatic hydrocarbons, and for determining quantitatively their respective 
proportions in a mixture. Valenta's directions are as follows: Place 
in a stoppered 100 c.c. cylinder, graduated in 4 c.c., an accurately 
measured volume of the mixture add one and a half volumes of di- 
methylsulphate, shake for one minute, and allow to stand at the ordinary 
temperature until two hyers have formed. Read off the increase of 
the dimethylsulphate layer, and calculate this to coal tar oils. Check 
experiments made by Valenfu with mixtures of (1) petroleum hydro¬ 
carbons and coal tar oils, (2) rosin oil and coal tar oil, (3) petroleum 
hydrocarbons, rosin oil, and coal tar oil, gave very satisfactory results 
for coal tar oils. 

' Brenketi, Zeits.f. anahjt. €hem., 1879, .'>46. 

* Jonryi. Anier. (Jliem. Soc. 16, S85. ’ Chein. Zeii., 1906, 266. 

^ Dimethylsulphato SO.^(OCH ;,)3 has the specific gravity 1*634 at Ih'" C. aud hoils at 
188" C. It should be uoted that dimethylsulphate is poisonous. Besides the aromatic 
hydrocarbons there are also soluble in dimethylsulphate: Nitro-beuzene, nitro-toluene, 
phenol, crt'sols, and all bases ; ether also is n^adily soluble in dimethylsulphate. Olive 
oil, rape oil, and cotton seed oil form an emulsion with dimethylsulphate, which gradu¬ 
ally deepens in colour to brown, and separates in a short time into two turbid layers. 
Glycerol behaves similarly, but does not become coloured brown. (Harrison and Perkin.) 
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The oil dissolved by the dimethylsiilphate can be recovered by 
boilinv the solution with alcoholic ' soda or potash, diluting the saponi¬ 
fied mass with water and extracting with ether, in the same manner 
as the unsaponifiablo matter is determined. Thus the quantitative 
determination o£ tar oils in mineral oils would hecome feasible. Dilu¬ 
tion of those lubricating oils which are too thick to permit their being 
shaken up with dimethylsulphate (e.g. with nitro-benzene which is 
soluble in dimethylsulphate) cannot be recommended, an Harrison and 
Perkin - have shown that erroneous results are obtained. 

According to Graefc? ValaUa's reagent is useful in the case of 
high-boiling petroleum oils, hut fails in the case of low-boiling petroleum 
distillates as they are very appreciably soluble in dimethylsulphate. 
Thus a mixture consisting of coal tar benzene and a little petroleum 
ether gave no .separation after treatment with dimethylsulphate, the 
solution being even capable of dissolving more petroleum ether. Graefe's 
experiments with petroleum oils, lignite tar oils, and various mixture.s 
are set out in the following tables; '— 


Sohhilitif of Pelmleitm Oils in 1J Vulnmes of iHinelhi/lsalphale 


Kiii'l of Oil. 

(jravity. 


Huiliii,: 1‘uiiit. 
“C. 


JVr I'ciit 

di.ssolvfil. 

Petroleum i tlier 

on’,.'-,! 

7‘2% 

I'rom Zl Id 

ZU 

12 

„ ... 

0-70S 


-1'' 

100 


,, ... 

0'7'Iu 

07 . 

71 „ 

12»i 

15 

Ru.s.sian jK*trolt!U]ii . 

AiTii'iican luirniiii' oil, water 

0-S21- 

•‘-J/o 

M M 

:iou 

6 

wliite” 

American buriiiu;; oi], “staii- 

0-700 

o:i% 

„ 1^1 ,, 

:{oo 

4 

ilanl white ”... 

0-7!)0 


„ 121 

aoo 

4 

Galician {loti'oleuiii . 

Paralliu oil .... 

O-SO.T 

o-soo 

81% 

„ HO 

300 

7 

0 


Holidiilify Ilf Lignile 'Par Oils in Vulmnes of Dimelhijlsidiihute 


Kind of Oil. 

Oriivity. 

liibiliiit' l‘uint. 

'■G. 

I’er cent 
dissolved. 

Petroleum etiicr 

0-702 

06% li'om 127 to 200 

20 

Solar oil. 

0-827 

HS% „ 141 „ 2:).t 

30 

“ Cleaning oil” 

0-850 

0.5% ,, 104 2.50 

29 

Pale ]>arailin oil . . . 

0-864 

71% „ 205 ,, 300 

If) 

lied oil. 

0-870 

70% ,, 202 ,, .300 

21 

Gas oil. 

0-892 

81% „ 200 ,, 300 

20 

Heavy jiarafllii oil . 

0-918 

30% ,, 22i; „ 300 

18 

Kxtra heavy jiaradin oil . 

0-0:53 

■1% ,. 250 „ 300 

20 


’ Anacous solutions cftii.se binuiaiig, * AmUyst., 1008, 7. 

^ C'Arwt. Rev.f 1007, 112. ^ Analysis 1008, 2. 
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Solubility of Mixtures of Coal Tar Benzene with Petroleum Ether in 
IJ Volumes of Dimelhylsulyhate 

Benzebo in Mixtiirft. I’t-r rent 


Pur cent. 






<iis.soWe'l. 

10 






22 

20 






30 

30 






45 

40 






00 

50 






70 

00 






02 

70 






100 

80 






100 

no 






100 


Solubility of Mixtures of inyhl Coal Tar Oil v 

•ith Russian Petroleum 

in lA Volumes of DimetliyJsulphale 

Light Cual Tar Oil in Mixture. 

I’er cfUit 

Per cent. 

• lissoived. 

10. 

12-5 

20. 

. 20-0 

30. 

. 30-0 

40. 

. 400 

50. 

. 500 

00 .... . 

. 01 

70. 

75 

80. 

85 

00. 

. 97 


Solubility of Mixtures of Ueary Coal Tar Oil with Gas Oil from 
Petroleum in U- Volumes of Dimethylsulphate 


Heavy Coal T.ar Oil in Mi: ture. 

Per cent 

Per cent. 

iiisSf)lved. 

10. 

11 

20. 

20 

30. 

. 30 

40. 

. 39 

50. 

. 50 

00. 

. 00 

70. 

. 70 

80. 

. 81 

00. 

01 

^ Tliis Russian petroleum was soluble in volumes of ilimetliylsulpliate to tbe 

extent of 0 per cent (.see 1st table). 
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Solubility of Mixtures of Heavy Coal Tar Oil with Heavy Lignite Tar 
Oil in I J Volumes of Dimethylsulphate 


Heavy Coal Tar Oil in Mixture. 

Per cent. 

10 




Per cent 
disHoIvnd. 

. 25 

20 




. 2!) 

30 




. 39 

40 




, 49 

50 




. 69 

00 




. 69 

70 




. 79 

80 




. 89 

90 




. 98 


Harrison and Ferhiiif whilst oonfirining Graefe's results with regard 
to low-boiling petroleum hydrocarbons, found that in the case of 
mixtures of tar oils with American and Russian lubricating oils the 
volume of extracted tar oil was less than theory demanded, whereas 
in the case of Roumanian and Galician petroleum oils, as also of Scotch 
shale oils, the volume of the extracted oil w'as greater than theory 
required. This appears to be due to the fact that the Galician and 
Roumanian petroleum oils, as also shale oils, are more soluble in di¬ 
methylsulphate than are American and Russian oils, (In the case of 
Galician and Roumanian ods, at least, this would find its explanation 
in the fact that these oils are comparatively rich in aromatic hydro¬ 
carbons.) 

Although Valenta’s method does not yield quantitative results,^ it 
must be considered a decidedly useful qualitative method. 

In applying Yalenlu’s method it should never be omitted to examine 
the dissolved oil .separately, as thereby usefid indications may be 
gathered. 

^ Analyst, 1908, 2. 

In Ilarrisim arul I'n-kins opinion the results are so erratic that quantitative result 
seem to be only acchleutal. 









CHAPTER X 

DETECTION AND QUANTITATIVE DETEKMINATION OF ROSIN 


1. Properties of Rosin 

CnuMON rosin or colophony ^ is the residue obtained on heating turpen¬ 
tine (pine rosin)— i.e. t)ie sap obtained by “ tapping ” pine trees—in 
a still until all the moisture and the oil of turpentine (“ oil of turps ”) 
is distilled off. The distillation is frequently supported by passing a 
current of steam through the heated mass. After driving off the “ oil 
of turps,” the steam is shut of! and the melt in the still is heated for 
some little time, so that the mass may remain completely amorphous 
after coohng in the , asks into which it is run in the hot state, and in 
which it solidifies. Colophony forms a light yellow to dark brown 
transparent mass, the colour of which depends on the manner in which 
the distillation has been conducted and on the temperatoe which 
obtained during the distillation process.^ 

French rosin (from Pinus marilima) is known in commerce by the 
name “galipot.”® The various qualities of American rosin* are 
distinguished by the letters of the alphabet. “ A ” is almost black. 
As the letters ascend in the alphabet, the rosins represented by the 
different letters are paler and more transp.arent. “ W,” or “ W.G.” 
(“ window glass ”), or “ W.W.” (“ water white ”) are the palest and 

• From KploplhDii, a town in wliich rosin was tlistillutl. 

• Cp. Schwalbe, Ze.iis. f.anf). Chem., 190iJ, 1852 ; Walker, Wiggins, ami E. C. Smith, 
Ttrhndoy, (Quarterly, Sciit. 1905. 

• Cp. Conignicr, Manud du Fahricant de Vernis. 

■* For a survey of the turpentine industry in the United States cp. “ Report on the 
Turpentine Industry in the Unite<l States,” No. 647, Diplomatic and CouNular Reports, 
1906. The following daia may be of general intcre.st:— 


Export of Rosin from the UniUd States of America, mined in Dollars 



1002. 

1W8. 

lii04. 

1905. 

1906. 

Knglainl 

. 1,423,853 

1,402.804 

1,882,280 

1,704,185 

2,288,386 

Gennuny . 

002,758 

1,070,040 

1,858,017 

2,025,800 

2,842,288 

Holland 

830,780 

417,305 

612,001 

803,008 

1,010,478 

Rusuia 

100,003 

431,123 

271,881 

196,720 

275,054 

Belgium 

180,015 

249,011 

Ul.'.'SO 

167,450 

227,097 

Adstrin-Hungury 

148,231 

102,776 

220,850 

275,546 

581,304 

Total 

. 4,202,104 

4,817,205 

6,021,870 

7,069,084 

9,899,080 
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most transparent qualities. During recent years Spanish rosin is being 
imported into this country in considerable quantities. For further data 
as to rosins of different origin see Vol. III. Chap. XV. “ Varnishes.” 

Rosin possesses vitreous lustre; it is very brittle, and breaks with 
shallow conchoidal fracture. The specific gravity of colophony or 
common rosin—or shortly “rosin”—varies from 1-045 to 1-085 at 
15° C. The melting points of different rosins vary considerably, 
this depending on the amount of rosin oil in the colophony. Some 
varieties soften at 70° C., and become semi-fluid in boiling water; 
others melt at !)9°-100° C., or even at 120°-140° C. Rosin docs not 
melt, however, to a clear liquid, like fats and fatty acids do. On 
warming, rosin emits a pleasant terebinthinate odour; at a higher 
temperature, it burns with a dense yellow and sooty flame, sending 
forth a very characteristic smell. 

On subjecting rosin to destructive distillation, “ rosin spirit,” 
“ pinolin,” and “ rosin oil ” are obtained as distillates, w-hilst coke is 
left behind. 

Rosin oils arc differentiated in the trade as “ soft,” “ medium,” and 


Exports (f Rosin from thr. Vnilol States < 

/ A nierira in 

IW-’-s. 


. 

. 271,SI'8 

IDOl-'i. 

. 242,789 

Ili05-(i. 

. 241,21:1 

n>0(3-7. 

. 270.;*0(l 

I'.i07-K. 

. 277,707 

KKifi-W. 

. 2-.’9,;-i:i0 

I901M0. 

. 209,934 

imo-u. 

. 22.''.,024 

. 

. 21)3,910 

(7 iiioiitli.s, .^jnil-OctDl.ir'r) . 

. 151,7Sj 

Exports of Rosin fro/n France 

in Tons * 

1003. 

23,320 

I004 . 

. 30,397 

10(l.>. 

. 5",382 

1906. 

. 37,888 

1007 . 

. 37,931 

loos. 

49,230 

I'MfO. 

. 57.234 

1910. 

. .55,751 

1911. 

. , 58,739 

1912(11 iiionUis) . 

. fi7,ll98 


Imporia of Rosin into dreat Britain from all Btmrces in Tons * 


From 

1902. 

]!I03. 

1904. 

1905. 

190(1. 

1907. 

1908. 

1909. 

United States 

. 79,01.5 

81,542 

7i,H10 

58,425 

60,043 

60,295 

5-5,989 

60,310 

France 

. 13,584 

2,480 

17,860 

17,902 

11,793 

11,780 

19,056 

14,010 

S|>ain . 




3,429 

3,589 

;i.454 

4,.890 

4,495 

Portugal 







1,560 

803 

Ail other countries 

318 

510 

720 

775 

1,111 

1,279 

041 

781 

Total . 

. 92,917 

81,53-8 

90,402 

80,.531 

82,530 

82,808 

82,120 

70,9ii9 


For further <lata anti for the exports of rosin from Spain see Vol. HI. Chap. XV. under 
“Oil of Turpentine.” 


* These numbers are taken from a circular of Messrs. Jaine.s Watt uad Son, l.<undoii. 
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“ hal’d ” oils. “ Soft ” rosin oil is obtained by slow distillation and 
contains a small amount of rosin acids. 

“ Hard ” ro.sin oil is obtained by rapid distillation, when larger 
quantities of rosin acids are carried over mechanically. 

The “ soft ” oil is used for making axle grease, whereas the “ hard ” 
oil finds application in the production of lubricating oils by admixture 
with anthracene oils.^ 

By distillation of rosin in vacuo, a hydrocarbon (colophene ?) and 
an acid C 30 H 32 O 2 (isosylvK^ acid) were obtained.^ 

Kosin is insoluble in water but dissolves easily in alcohol, 1 part 
of rosin requiring no more than 10 parts of 70 per cent alcohol for 
complete solution. The alcoholic solution has an acid reaction. The 
acid can be neutralised by titration with alkali, using phenolphthalein 
as an indicator. Rosin is also soluble in methyl alcohol, amyl alcohol, 
ether, benzene, acetone, chloroform, carbon bisulphide, carbon tetra¬ 
chloride,^ and oil of turpentine. Mo.st of its con.stitucnts dissolve in 
petruloura spirit, the percentage of insoluble matter varying from 1 
U) 20 ]>cr (;ejit in different saiu}>l(‘s. Solutions of rosin do not leave a 
grease-spot on pa])er. 

Colopliony contains varying f|uantities of “ un.sa]>onitiable matter,” 
viz. hydrocarbons, due to tlic ])artial l)reaking up of the acid on dis¬ 
tilling pine rosin. The following table shows how widely diftcj’ent in 
tJiis respect commercial rosins are :— 


Origin. 

Unsaponillable. 

Observer. 

French .... 
American “W.W.” 

„ “W.G.” 

„ “N.” . 

.. “N.” . 

„ “W.” . 

Per cent. 

15-2 

7- 34 

5-00 

9-00 

8- 21 

7-61 

Jean 

Evans and Black 


The quantitative methods used in the analysis of oils, fats, and 
waxes have also been applied t<^ the examination of rosin, since rosin 
is frequently found in admixtui’o with oils, fats, and waxes, and the 
commercial products ^^rived therefrom. The examination and deter¬ 
mination of rosin is of e.speciul importance in the analysis of soaps. 
In the following tabic the author has collated some numbers obtained 

* E. vofi Boyi'u, German patent 210,8^0, obtains from rosin by treating it with (30 
per cent of its weight of) .syrnpy pliosphoric aciil, a uniform ])ro<luct boiling at 350® C. 
without any lower boiling hydrocarbons being produced. This rosin oil is stated toh.ave 
a very faint odour only ; ep. also K. Bosch, French patent 3.57,391 ; 0. Sprenger, 
French patent 399,760 ; English patent 5973, 1909 ; C. F. Ogilvie and G. Mitchell, 
Swedish patent 52,277 ; J. ljubarski, French patent 414,919; Eiiglisli patent 13,128, 
1910. A distillation “run” witli rosin “C” has been des<Tibetl by F. Schulz, Chem. 
Reme, 1909, 18(5. With regard to recent developments of the distillation process see 
T. W. Pritchard, Journ. Soc. (Jhem. huL, 1912, 418. 

2 Hischoff and Nastvogel, IkriditCy 1890, 1919 ; Journ. Soc. Chem. Ind., 1890, 927 ; 
cj). also French patent 409,026, L. B. Castots. 

^ Cp. C. Baskerville and li. S. Riederor, Jovni. hid, Kng. Chtm., 1912 (4), 645. 
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by the methods described in Chap. VI. It should, however, be dis¬ 
tinctly understood that these numbers can only be looked upon as 
defining the limits within which a given sample may fall. It may 
be stated as a general rule that the darker a rosin is, the smaller is the 
difference between its saponification and neutralisation values. This 
will be gathered by examining the numbers given in Column III. of 
the table. 




1. 

It. 

III. 

IV. 


Kind 0 

Rosin. 

Neutral¬ 

isation 

Value. 

8aponill- 

cation 

V.alne. 

I>il1er- 
fiice, 
11.-1. 

Iodine 

Value. 

Observer.* 

Austrian 


1 Id-0 

107-1 

21 -1 

116*8 

V. Sclimidt 







and Erban '^ 



130-4 

lltl'8 

16-4 

109*6 

11 

Austrian, 

lale 

103-0 




Krciner' 


lark 

l.M-0 




,, 

Ainei'icaii 


1730 




,, 


. 

100-0 







lM-0 



17,3-9- 

Mills‘ 

Atncrican 

“ W.W." 

ir.i-i 

183-0 

29;') 

92-4- 

Lewko- 






93-5 

wilach'' 

,, 

w.i:.”. 

101-4 

178-9 

17-r. 

113-1141 

,, 

,, 

w.G.-. 

103-3 

184-.3 

21-0 

104-107 

,, 

,, 

“W.” . 


191-3 

.30-0 

02-04 

,, 


“V.” . 

104 0 

1910 

30-0 

5r>-.'>8 

,, 


“F.” . 

lOO-O 

174-7 

15-7 

111-113 

,, 

French (Galiijot) . 

138-05 

174-76 

36-11 

121-5- 

,, 






123-5 


American 

*• F.” . 

l;i3-8- 

16.'3-2- 

5*5* 


Weger 



169 -4 

176*1 

n*j 




“ N.” . 

1.07-3 

174-3 

17-0 

108-4' 

Smetham 






and Dodd 

,, 

“ W.G." . 

100 -1 

177-3 

17-2 

165-9 

,, 


" W.W.” 

1.04-r. 

174-3 

19-8 . 

158-5 

„ 

,, 

“Wite” . 

100-8 

177-6 

10-8 

184-7 

,, 

• 1 

“ Iscrno ” 

102-0 

176-4 

14-4 

181 0 



Spanish rosin simulates in its characteristics French rosin {Galipot). 

M'-Ilhitiey showed that the iodine number varies with the time 
allowed for the absorption and with the exce»3 of iodine used, to a 
much greater extent than is the case with oils and fats, and he therefore 
concluded that the Hubl process does not furnish useful results in the 
examination of rosin. This is indeed borne out by the numbers given 
in the two following tables ;— 

^ Cp. also C. G. Schwalbe ami E. Kiitlerliug, Jomtt. /Sfoc. Chem. Ind,, 1911, 1398. 

2 Journ. Ohem. hid., 1889, 308. ^ Wagner’s .hiiiresbe^ncht, 1886, 443. 

* Calculated from the broiniuc value 1127 by multiplying by ‘gV* 

^ Journ. S»c. t'heni. Jml., 1886, 222. 

® Ibid., 1903, and unpublished experiments. These iodine numbers were 
determined with Jliiil’s solution, which was allowed to act for six hours. Cp. also 
C. Ahrens, Zeits./. bjfentl. Chem., 1908, 463. 

2 Hubl iodine solution was used and allowed to act for eighteen hours {Journ. a%c. 
Chan. Ind., 1900, 101). 
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Iodine Absorption of Rosin from Hail Solution ' 



Iodine Number (Iliibl). 

After 2 hours. 

' After 4 hours. 

After 18 hours. 

After 7 days. 

Rosin “ W.W.” . 

116’6 

124-1 

158-5 


„ “N.” 

114-3 

I 1-25-3 ! 

108-4 

165-3 

. j 

115-5 

1 

1 121-7 ' 

1C5-9 



Iodine Absorption of Rosin from Il'ijs’ Solution 



After 

Ab.soriitioii. 

Observer. 

• 

izi 

o 

10 minutes 

171 -2 

.Smetliam & Dodd 


20 „ 

17/ '5 

,, 


30 „ 

183-() 



1 liour 

194 -8 



18 hours 

249-4 ; 249-4 



48 ,, 

270-5 

ft 

Hosin “N." .... 

2 liouis 

16.5-3 

Lewhowitscli 


24 „ 

172-2 


„ “W.” .... 

2 „ 

159-9 



24 ,, 

195-8 


„ “W.O.” 

2 „ 

219-0 



10 „ 

214-2 



18 ., 

216-0 



24 „ 

237-7 



M'dlhiney ^ prefers, therefore, to apply the bromine absorption 
method described above (Chap. VI. p. 394) to the examination of 
rosin. From the results obtained with two specimens of rosin (“ W.G.” 
and “ E.”), M.‘llhiney^ concluded that the absorbed bromine is entirely 
taken up by substitution. Hence the bromine addition value of rosin 
would bo practically nil. In further support of his contention that 
the bromine absorption numbers for rosin lead to more definite numbers 
than does the iodine absorption by Hiibl’s process, M‘Ilhiney ® published 
some numbers which I collate in the following table. In order to show 
the discrepancy between the bromine and the iodine numbers more 
clearly, I have calculated (see Column II.) the observed bro min e 
absorption numbers to iodine numbers, by multiplying the former 

by 

^ Smetliam and Dodd, Joum. Soc. Chem. /wrf., 1900, 101. 

* Joum. Amer. Chem. Soc., 1894, 276. 

=» ibid., 1902, 1109. 
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Bromine Absorption of a Sample of American Bosin, “ 



Timo. 

Bromine Absorption. 

I. II. 

I!l. 

loiliiift Ab.sori)tion. 
Per cent. 


Exiieriineiit. 

Per cent nroiiiiiio. 

Cakmlatccl to [oilino 
Absorption. 

(Pound by ITiiWs 
Method.) 

liotirs. 

mins. 




0 

2 

160*8 

2.'S5*3 


0 

18 . 

174*5 

277*0 



0 



126*7 


9 

178*0 

282*6 


2 

0 



133*1 

4 

0 . 



142*0 

8 

0 . 



144*8 

18 

0 



160*3 

20 

0 

213*4 

338*8 


62 

0 



172*6 


Kxporiments made in tlio author’s lahoratory show, howevei’, tliat 
cominorcial rosins do possess, besides substitution numbers, delinite 
additioii numbers, as will be <(athored from the followin;^ table, to 
which have been added the iodine absorption niunbei-.s found by the 
Wijs modification of the Hiihl method. 

Unfortunately, on usini^ the ir?)*' solution substitution numbers 
cannot be ascertained, as the action of acetic acid on potassium iodate 
i.s very different from that of mineral acids ; hence widely varying 
results arc obtained according as the concentration and the time during 
which the acetic acid is allowed to act on the iodate vary. 


Bromine and Iodine Absorptions of Common Itosins (Lewkowitsch) 


Uusin. 

“W.G.' 

Brominci Values. 

Tiniu 

diiriti*' 

wliich 

Bromine 

was 

allowed 
to act. 

Iodine Viilm-. (Wtjs* Solution.) 

Total 

Absorp¬ 

tion. 

Addition. 

.Siilistitu- 

lion. 

AfU-r 2 
lioni'H. 

Alter 10 

llOillH. 

« 

AUer IR 
liour.s. 

After 24 
liour.s. 

210*7 

211*6 

202*5 

203*5 

41*11 

49*68 

59*92 

88*42 

84*78 

80*96 

71*29 

57*51 

^ hour 

1 hour 

219*0 

214*2 

216*0 

237*7 

“N.” 

146*9 

145*7 

148*1 

145*2 

87*6 
108 06 
92*84 
107*7 

29*65 

18*82 

27*63 

18*76 

^ hour 

1 hour 

o 



172-2 

“W.” 

201*8 

114*0 

43*9 

J hour 

159*9 



196*8 


201*6 

104*96 

48*42 

1 hour 






197*2 

78*24 

59*48 






191*8 

85-14 

63*33 

” 
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The high neutralisation values of rosins prove conclusively that 
colophony is not, as Maly maintained,' an anhydride (viz. abiotic 
anhydride), but consists chiefly of free acids and small quantities of 
anhydrides. 

The same conclusion has been arrived at by Perrenoud? According 
to him colophony does not contain abietic anhydride, In the ca.se of 
American colophony (from trunks of Piitm strobus and Pinus piem, 
and from the root of Pinus syh'esltis) the crystals are said to be ahielic 
acid, whereas in “ gali])ot ” and in rosin from the trunk of Pinus 
sylmslris they are stated to consist of the isomeric pi}naric acid. To 
both acids the same formula «(Cj„Hi,,()) is ascribed ; pimaric acid is 
most likely CjoHsi-O^, as follows from the analysis of its crystalline 
ammonium salt. Both abietic and pimaric acids are optically active, 
and rotate the plane of polarised light to the Icft.^ The specific rotatory 
powers of abietic and pimaric acids are stated by Perrenoud to be 48” 
and 56” respectively ; Kiihkr^ recently found for pimaric acid the com¬ 
position and [a]-^ — - 280-5 . 

The syUk acid of some autbois is in Lieherinann’s o])inion ' identical 
with abietic acid. His re.searches, continued by Haller,’' led to the 
result that pimaric acid is optically inactive. Veslerherg,^ again, 
e.vprcssed (in 1880) the opinion that three distinct acids are coe.vistent 
in “ galipot.” 

Mach^ i-ejecting the forinube given above for abietic, sylvic, and 
])imaric acids, stated that these acids are identical, and projmacd for 
abietic acid (the name which he retained) the formula 
formula was derived from numerous ultimate analyses and determina¬ 
tions of tlic molecular weight of specimens of tlie acid prepared by 
different methods from various s])ecimons of colophony. According to 
however, Mach's abietic acid is identical with sylvic acid 
formula C.^qH^qO.^ is confirmed by Lery,^ who showed 
that Easlerficld ami as also I'schirch and Studer's advocacy 

of Mach's formula is not supported by conclusive evidence based on 
analysis. The acid CgoH.y^Og melted after repeated rccrystallisation 
from metliylalcohol, at 182'^ C. {Lev}/). The formula C2oIT3o02 has 
been further confirmed by Vcslerhcrg,^- Korifschoucr,^^ and for hevo- 
pimaric acid and sapinic acid (in Picea excelsa) by KohlerM 

^ Jonru. f. prakl. Vlivi^. 96, 1 IT*. Karlier iiivi-stigat,ions are lirielly suramari.seil by 
G. B. Kranklnrtor in Jokpii. Aiitcr. tVirm. iSor., 1909, .561. 

^ Chpui. ZeiL, 188.5, 1.590. 

^ With roganl to bevo-pimaric ami sapinic .icitl (in the rosin from Pura excels^, Lk.) 
cp. S. Leskiewicz, Journ. f. }>rakt. Chan., 1910 (81), 408 ; J. Kbhler, Che7i\. Ztntialbh, 
1911 (2), 1598; .louni.f. prakt. CVum., 1912 (8.5), 523. 

■* Borickk., 17, 1885. ^ Ibid., 18, 2167. 

« Ibid. 18, 3334. ’ Juurn. »s;>r. ('hnn. Ind., 1893, 1044. 

“ Zdtu. f. amj. Chon., 1901, 1197 ; 1902, 83. Gp. also Henry, Journ. Chfm.. Soc., 
1891, 1144 ; t’aiiriou, Zcitn. f. avg. Chem., 1904, 239, 1907, 356 ; ami Klason and 
Kbliler, .louni.f. prakt. Chan., 1906 (73), 337. 

Zeifs. f. an<j. Ckf.vi., 1905, 1740; Jkrichte, 1900, 3013; .3058. 

.l<mrn. Chem. Soc., 1904 (85), 1238. 

C}>. Tscliirc.li and Studer, Arch, d. Phurni. 241, 495 ; ibid. 24.5, 380. Cp. also 
SclikatelofT, Monit. SewU., 1908, 217 ; Jottrn. Chon. Soc., 1908, Abstr. i. p. 816. 

Bericlito, 1907, 120. Zeits. f. ang. Chem., 1907, 641. 

Joum. /.prakt. Chem,., 1912 (85), 560. 
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frpikforter ^ states that he obtained from the rosin of the Norway 
pine, 'Pinm resinosa, an acid having the formula CjjHggOj—“ resinio 
acid ”—melting at 97.-98° C., and “ abietic ” acid to which he still 
ascribes the composition given by Mach, viz. CjjHjjOj, although he 
states distinctly that the analyses also agree with the formula 

Abietie isylvic) acid, CjdHjjOj, is obtained in a pure state in the 
form of crystals by digesting 1 part of coarsely powdered colophony 
with 2 parts of 70 per cent alcohol at a temperature of 50°-60° C. The 
crystalline powder which separates is purified by recrystallisation from 
3 parts of boiling 70 per cent alcohol. Levy (see above) prefers to 
recrystallise from methylalcohol.^ Another method is to pass hydro¬ 
chloric acid gas through an alcoholic solution of colophony, when 
abietic acid separates {Fluckiger ^). According to Mach, abiotic acid 
occurs in colophony in varying amounts; some specimens contain 90 
per cent of the crude acid; from others no acid could be isolated. On 
treating an alcoholic solution of colophony with water, a precijiitate of 
impure abietic acid is obtained, which remains suspended in the liquid, 
forming an emulsion with it. On adding a dilute mineral acid and 
warming subsequently, rosin separates in the form of globules on the 
side of the containing vessel, so that the clear liquid can be poured oil. 
The rosin thus obtained is at first very viscid, but regains its former 
consistence after repeated boiling with water, or by heating to incipient 
fusion. In its pure state abietic acid crystallises in laminje or small 
crystals melting at 182° C. (Levy). The crystals are soluble in alcohol, 
ether, benzene, and glacial acetic acid. Abietic acid is not converted 
into an anhydride on heating. 

Abietic acid contains one carboxyl group and two pairs of doubly- 
linked carbon atoms. This is expressed by the constitutional formula 
propo.sed by Fahrion: ‘‘— 

CH., COOH 


a , V 


/ \ 

/ \ 

HC CH- 
1 1 

- CH CH 

1 1 
H 2 C CH 

1 1 

CH CH., 

\ / 

\ / 

CH 

CH 

j 

C 3 H, 

j 

CaH, 


Yesterberg records 77 as the iodine value of abietic acid. Theory 
requires for two pairs of doubly-linked carbon atoms 168'2. It has 
been shown above that rosin does not absorb the full amount of iodine, 

' Jmrn. Amer. Cfum. Soc., 1909, 561. 

* Cp. also Geriiiai) patent 221,889 (P. Levy). 

^ Journ. f. prakt. diem. 101, 285; Jahresb. d. Ckem., 1867, 727. 

* Chem. JievM 1911 239. 
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and it would therefore seem desirable to repeat the absorption test 
with bromine. Colophony, especially if exposed in the form of a fine 
powder, takes up oxygen from the air. According to Fahrion,' peroxides 
are formed which are said to be very unstable. 

In agreement with Fahrion's formula is Leoy’s ® observation that on 
oxidation of abietic acid with permanganate in alkaline solution four 
hydroxyl groups are added, leading to an acid of the formula 020113405 
(Fahrion's totrahydroxy-sylvic acid ®). This acid melts at 210°-245° C., 
is soluble in ether and acetone, less readily soluble in glacial acetic acid 
and absolute alcohol, sparingly soluble in benzene and ethylacetate, 
insoluble in petroleum ether. It crystallises from acetone and dilute 
alcohol in transparent, well-formed crystals melting with evolution of 
water at 246°-247° C. The yield of the acid is very small.^ 

On warming colophony with dilute caustic alkalis, it is readily 
dissolved with formation of salts—ro.sinates or pinates—which resemble 
in many respects the alkali soaps made from oils and fats. Hence the 
alkali salts are termed “ rosin soaps.” Thus the .solutions of the alkali 
salts are hydrolysed by water (as can be .shown experimentally with the 
aid of phenolphthalein; see p. 1.35) and lather on being agitated. The 
“ rosin soaps ” are also thrown up (“ salted out ”) from their aqueous 
solutions, by addition of concentrated alkali or of common salt. How¬ 
ever, the separation does not take place so readily and so completely 
as in the case of soaps made from fatty acids. Dilute mineral acids 
liberate the ro.sin acids from their soaps. 

The sodium salt of rosin dissolves readily in alcohol, as also in 
ether containing alcohol; in pure ether, however, it is but sparingly 
soluble. According to Barfoed, 20 c.c. of ether dissolve within twenty- 
four hours 0-0239 grm., and 19 c.c. after eight days di.ssolvc 0-041 grm. 
of sodium rosinate. 

The solutions of the rosinates of the alkali metals yield insoluble 
precipitates with solutions of the salts of the alkaline earths and heavy 
metals. On the solubility of some of these salts in alcohol and ether, 
methods for separating the rosin acids from the fatty acids have been 
based. The zinc,® copper, silver, and manganese rosinates are .soluble 
in ether; calcium rosinate is insoluble in this menstruum. Further 
data on the metallic salts will be found in Vol. III. Chap. XV. 

In the quantitative analysis of a rosin soap the acid is separated 
as free rosin acid (“ abietic acid ”); it is therefore necessary in accurate 
analysis (as will be shown in Vol. III. under “ Analysis of Soaps ”), 
for the proper calculation of the composition of soap, to convert the 
weight of the rosin acids found into the weight of the original colophony. 
From the table p. 618 it will be seen that rosin can be determined by 
titration with standard alkali solutions. This is best done in alcoholic 
solution. From the formula CjdHjqOj it follows that 302 parts of 

^ Zeits. f. ang. Chevi.f 1907, 356 ; cp. also Chem, Hevne, 1911, 239. 

Iterichte, 1909, 4305. 

* Cp. German patent 166,563. 

* Cp. also H. Eudemaun, Amer. Chem. Journ.y 1905 (33), 523, 
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abietic acid combine with 56*1 parts of potassium hydrate to form a 
rosinate neutral to phenolphthalein. Its neutralisation value is there¬ 
fore 185-7. Since colophony contains anhydrides and also unsaponi- 
fiable substances besides free acid, the mean combining weight of rosin 
acids deviates from 302. From a large number of experiments made 
with commercial rosins the rule has been derived that the mean com¬ 
bining weight may be taken, for practh^al purposes, as 346. 

Since rosin does not consist of pure abietic acid, but contains, besides 
other not yet identified bodies, from 10 to 20 per cent of substances 
behaving like anhydrides, the weight of “ rosin ” separated by de¬ 
composing its sodium salt with mineral acids is slightly higher than 
that of the original rosin converted into sodium soap. A measure 
of the dilference may be deprived from experiments by Smethaui and 
Dodd, who saponified rosin with an excess of a<pioou8 (caustic soda, de¬ 
composed the re.siilting soap with a sliglit excess of dilute sulphuric 
acid, and .separated the insoluble rosin acids by means of ether.' In 
tJie following table 1 collate tiic neutralisation and saponification 
numbers of the original rosins with tlie numljcrs found for tlie recovered 
acids after the ro.sins had passed through the saponification ])rocess :— 



Original Ros 

t. 

Recoveri-fl Rosin after 
Saponilicatioii. 

Kind of Rositi. 

XentraliB- 

Sapniiifi- 


,N>iitr:ilis- 

Sapniiili- 



ntion 

Value. 

c-atioii 

Value. 

ence. 

ation 

Value. 

fiitioii 

Value. 

ciice. 

Amei'icun “N.”. 

1.57-3 

174-3 

17-0 

159-1 

165-5 

6-4 

„ “ W.O.” . 

160-1 

177-3 

17-2 

161-0 

169-5 

8-5 

„ “W.W." . 

154-5 

174-3 

19-8 

159-1 

167-5 

8-4 

,, “Wite” 

160-8 

177-6 

16-8 

163-9 

176-4 

12-5 

„ “Nemo” . 

1620 

176-4 

14-4 

103-9 

175-3 

11-4 


2. Detection and Determination of Rosin In Neutral Fats 
and In Waxes 

The older analytical methods based on the ready solubility of rosin 
in alcohol do not lead to satisfactory results. Tli^ most reliable metliod 
for the detection of rosin, which the author recommends as thoroughly 
trustworthy, is the Liehermann-titorch reaction desci-ibed above (see 
p. 610). In case the colouration is indistinct, owing to the dark colour 
of the sample, it is advisable to saponify it with alcoholic potash, liberate 
the fatty acids together with the rosin acids by acidulating, and ex¬ 
amine the mixed fatty and rosin acids. 

To perform the test, the acids are di.ssolvcd in acetic anhydride at a 
gentle heat, and the solution is cooled. Sulphuric acid of 1'53 specific 
gravity ® is then carefully allowed to flow into the solution, when the 

’ Cp. also Hcurii’jiuiS, C'hem. Revue, 1899, 110. 

2 Siilphinic acid of 1 ’53 sp. gr. contains 02-53 per ccjit of SO 4 H 3 ; it Is prepnre<l by 
mixing 34-7 c.c. of couc. sulphuric acid v.ith 35-7 c.c. of water. 
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presence of the minutest quantity of rosin acid will be indicated by the 
appearance ot a reddish-violet colouration ; if the solution be too warm, 
this colour will disappear almost immediately, changing into a brownish- 
yellow. In any case, the colour disappears quickly. Fatty acids do 
not give the violet colour ; but it should be remembered that cholesterol, 
which might be present amongst the mixed acids, exhibits a similar 
reaction with acetic anhydride and sulphuric acid. In that event the 
cholesterol must be removed by shaking out the soap solution with 
ether previous to the liberation of the mixed fatty and rosin acids. This 
reaction may be also used for the detection of rosin in beeswax. It 
should, however, be noted that rosin acids which have been treated 
with strong hydrochloric acid (as in the TwUchell method, see below) 
no longer give a distinct reaction in the Liehermann-Slorch test.^ 

In mixtures of neutral oils with rosin (ejj. linseed oil and rosin), 
the author determines the rosin approximately by titrating an accur¬ 
ately weighed quantity of the sample, dissolved in ether-alcohol, with 
standard alkali, using phenolphthalein as an indicator. The combining 
weight adopted for rosin is 316 ; the amount of free fatty acids of the 
oil is neglected, its value being, as a ride, very small as compared with 
the acid value due to the presence of rosin. Experiments carried out 
on mixtures of linseed (and cotton seed) oil with rosin gave very satis¬ 
factory results. 

If greater accuracy be desired, the rosin acids must be, separated off 
together with the mixed fatty acids, and examined as described under 
the following head. 


3. Quantitative Determination of Rosin Acids in Admixture 
with Fatty Acids 

Lewkowitsch ^ has shown that the older methods proposed by 
Barfoed and by Gladding, and the modifications thereof, do not lead 
to reliable results. A description of these methods is therefore omitted 
here, and TwitchelVs method only is described as it yields the best 
results. A combination of Gladd'iig’s and TwilcheU's methods was 
proposed by Holde,^ but since the suggested corrections appear to me 
somewhat arbitrary, tb's method also is omitted here.'* 

TwitchelVs '* method is based on the property of the aliphatic acids 
to become converted into their ethylic ester when acted upon in alcoholic 
solution by hydrochloric acid gas, whereas rosin undergoes very little 
change under the same treatment (see p. 622). The analysis is carried 
out as follows— 

Two to three gnus, of the mixed fatty and rosin acids are weighed 

^ M. J. Sails describes {Am. thim. anal, appl., 1909 (14), 140) a sensitive colour 
reaction for rosin obtained with methyl siilpliate ; cp. also P. Foerster, ibid., 1909, 14. 

* Joitm. Soc. Cfuvi. Ind., 1893, 603. 

* Mitteil. a. d. Konigl. Techn. Vernuchsanst., 1902, 41. 

* For the description of tlie earlier quantitative methods, the reader is referred to the 
secoini edition of this work. 

® Jowm. Soc. Chem. Ind., 1891) 804. 

VOL. I 


2s 



626 DKTECTION AND QUANTITATIVE DETERMINATION OP ROSIN CH. 


oft accurately in a flask, dissolved in ten times their volume of absolute 
alcohol (with weaker alcohol the conversion of fatty acids into esters 
is not complete), and a current of dry hydrochloric acid' gas passed 
through the solution, the flask being cooled by immersion in cold 
water. Tiie gas is rapidly ab.sorbed at first, and after about forty-five 
minutes, when unabsorbcd gas escapes, the operation is linished. To 
ensure complete esterification the flask is allowed to stand for an hour. 
The ethylic esters and the rosin acids separate on the top as an oily 
layer. The contents of the flask are then diluted with five times their 
volume of water, and boiled until the acpieous solution has become 
clear. From this stage the analysis may be carried out either («) 
volumetrically, or (b) gravimetrically. 

(а) The Volumetric Mellioil .—The contents of the fhi.sk are trans¬ 
ferred to a separating funnel, and the flask is rinsed out several times 
with ether. After vigorous shaking the acid layer is run off, and the 
remaining ethereal solution, containing the mi.xed ethylic esters and 
rosin acids, washed with water until the last trace of hydrochloric acid 
is removed. 50 c.c. of alcohol are then added, and the solution is 
titrated with standard caustic potash or soda, using phenolphthalcin 
as an indicator. The rosin acids combine at once with the alkali, 
whereas the ethylic esters remain practically unchanged. The number 
of c.c. of normal alkali is multiplied by 0-316, and this gives tlie amount 
of rosin acids in the sample. 

(б) The Grurimetric Method .—The contents of the flask arc mi.xcd 
with a little petroleum ether, boiling below 8(U C., and transferred 
to a separating funnel; the flask is washed out with the same solvent. 
The petroleum ether layer should measure about 50 c.c. After shaking, 
the acid solution is run off, and the ])etroleum etlier layer washed once 
with water, and then treated in the funnel with 45 c.c. of a one-fifth 
normal solution of KOII and 5 c.c. of alcohol. The petroleum ether 
solution of the ethylic esters will then be found to float on tlie top, tire 
rosin acids having been e.xtracted by the dilute alkaline solution with 
formation of rosin soap. The soa)) solution is run off, decomposed with 
hydrochloric acid, and the separated rosin acuds are collected as such, 
or preferably are dissolved in ether and ksolated after evaporating the 
solvent. The rc.sidue, after drying and weighing, gives the amount of 
rosin acids in the sample. 

Of all the methods propo.sed hitherto for the e.stiraation of rosin 
acids in mixtui-es thereof with fatty acid.s, TwitekeWs process yields 
the best results. They must not, however, be considered as strictly 
accurate. Lewkowitsch ^ has shown, by an exhaustive examination of 
both the volumetric and gravimetric processes, that they only yield 
approximately correct results. 

Since the mean combining weights of different brands of com¬ 
mercial rosin vary within considerable limits (cp. p. 618), there adheres 

* The proposal matle by H. Wolfl' to siibstitntc sulphuriu acid for liydrochlorie acid 
cannot be recommended, cp. Fahrioii, C'hem. lievue, 1911, 241. 

® Journ. Soc. Chem. Ind., 1893, 604. 
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to the volumetric analysis an uncertainty fi'om which the gravimetric 
analysis is free. Under the action of the hydrochloric acid rosin 
undergoes some destruction * with the formation of acids of lower 
molecular weight, since the volumetric method gave, as a rule, too high 
results. In the gravimetric process, again, some of these secondary 
products pass into the aqueous solution without being dissolved by the 
petroleum ether. By sub.sequent extraction with ether, part of the 
dissolved substances may be recovered, but even then the results of 
the gravimetric analysis were found too low. Of course, the un- 
saponifiable oils occurring in rosin (p. 617) remain in the petroleum 
ether solution and thus escape weighing. But even this does not 
wholly account for tlie con.siderable deficit. 

The subjoined tables, detailing analy,ses of mixtures of oleic acid 
and ro.sin acids of previously ascertained combining weight, confirm 
the author’s critical remarks :— 


Vohmdrk Analysis (Lewlcowitsch) 


Oloir. Ackl. 

Uosin. 

1/1 KOII 

uv-d. 

Mixture cemtains 
Uosm AcIiIh. 
Coiiibitiiug Weiglit S40. 

Calculated for the yield 
of Roniii Adda only. 



TliPory. 

Exppriment. 

Theory. 

Exporinient. 

(irni.t. 

linns. 

c.n. 

Ppr cent. 

Per rent. 

Per cent. 

Per cent. 


0-8027 

2-1 

21-234 

24-90 

100-0 

100-60 

2-;5!>8S 

0-8167 

2-56 

25-398 

27-35 

100-0 

105-60 


1 -r>532 

4-41 

49-83 

18-40 

100-0 

95-60 

1-4006 

1 -5202 

4-19 

52 047 

48-93 

100-0 

92-81 

0-8918 

2-r)198 

0-68 

73-86 

66-397 

100-0 

89*47 

0-8296 

2-5298 

0-72 

75-305 

67-81 

100-0 

89*45 









^ Tlie results given hi the above table are coiiliniied by experiments made later by 
Evans and Black, os is shown by the following table :— 


Wei^lit of Ro.sin. 

Rosin c.alcnlated 
from'J itrntiou. ^ 

Loss. 

flrm.s. 

Grin.s. 

Per c'ciit. 


2 •0.14 

2-110 


2-45 

0-00 



0-n 

2-11.3 


0-C9 

2-11.') 


1-14 


[Table 
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Gmvimeirk JnaUjsis (LewJMwitsch) 


No. 

Oleic 

Aci<i. 

Bo.sln. 

Found 

Uosin 

Aei<l9. 

Mixture contaius Rosin 
Acids. 

Cnlculatc'd for yield of 
Rosin Acids. 

Tlieoiy. 

Exporimoiit. 

Theory. 

Experiment. 


Grras. 

Grra.s. 

Gnns. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

1 

2-4666 

0-8199 

0-7385 

24-947 

22-32 

100 

87-65 

2 

2-8058 

0-8577 

0-7736 

23-412 

• 20-98 

100 

87-80 

3 

1-646.5 

1-5312 

1-3200 

48-234 

40-96 

100 

83'73 

4 

1-4090 

1-5092 

1-3128 

51-716 

44-35 

100 

84-66 

f) 

0-8600 

2-5252 

2-0930 

74-595 

eo-.w 

100 

80-66 

6 

0-8430 

2-5322 

2-1744 

75-023 

63-12 

100 

83-56 

7 


4-25-24 

3-5631 



100 

83-44 

8 


4-6864 

3-S334 



100 

81-46 

9 


4-6700 

3-8979 



100 

83-12 


The following tables will furnish an indication as to how far, in 
practical cases, the, results obtained by either process approximate to 
the theoretical ones. 

The “ mixed fatty and rosin acids ” were obtained from soaps 
specialty prepared on a large scale from carefully weighed (juantities of 
fats and rosins. Average samples of the fats and rosins were examined 
separately for the yield of fatty acids from the former and for the 
combining weight of the latter, such determinations being indispensable 
for a correct calculation of the theoretical amount of rosin acids. 


Volumetric Analysis (Lewhomtsch) 


Mired Fatty 
and 

Rosin Acids. 


Rosin Acids. 

Theory. 

Experiment. 

No. 

Per cent. 

Per cent 


9-79 

9-98, 9-34, 9-796, 9-91. 

23 -97, 24-55, 22-93, 23-28, 23‘98, 
24-08. 

2 

19-69 

S 

21-45 

24-96, 24-78, 23-63. 

4 

24-66 

24-89, 25-16, 26*06, 24-28. 

6 

30-31 

29-69, 30-12, 28-18, 29-78. 

6 

89-81 

40-24, 40-37, 41-44, 42 13, 41-8, 
40-37,42-18,40-66, 40-07,40-05, 
43-69, 41-12, 41-81, 40-77,44 -82. 

7 

45-06 

45-76, 46-60, 49'61, 47*66, 46*46, 
47-84,46-34, 44 24, 44'48, 44-39. 
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Oravimelric Analysis {Lewkowitsch) 


Mlxe«l Fatty 
anil 

Ikwin Acids. 

Hosin Acids. 

Theory. 

Eaperiment. 

No. 

Per cent. 

Per cent. 


9-79 

9*38, 9-97. 

2 

19-69 

20*46, 20-55, 19-96,^9*99, 19*44, 
19*33. 

S 

21*45 

18-26, 18-27, 19-37, 17-83,'19-5*, 



18-Cl, 18*57, 19-16. 


24-66 

20-97, 10 65, 21-76. 

5 

30-31 

25-76, 25-06, 23*66, 26*10. 

6 

39-81 

35*97, 38*86, 36*44, 86*14, 36*42, 



36*86, 32*61, 86*29. 

7 

45*05 

37*58, 87*23, 37*29, 36*97, 35-32, 



40*06, 86*8. 


By washing tlio petioleum ether solution with alkali a second time, 
and extracting the acid layer with common ether, the following results 
were obtained:— 





Itosin Acids. 



Mixed 
Fatty and 



Experiments. 


Acid». 

Theory. 

Extracted 
hy First 
Alkali Wash. 

Extracted 
by Second 
Alkali Wash. 

Extracted 
by Ether. 

Total. 

No. 


Per f'cat. 

Per cent. 

Per cent. 

Per cent. 

2 

19-69 

19*46 

0*115 

1-045 

20*62 

2 

19*69 

18*44 

0*074 

0-822 

19*84 

3 

21 -45 

19*14 

0-105 

0*3615 

19-607 

3 

21-45 

19*19 

0-061 

0*2839 

19-64 

4 

‘24-66 

21*72 

0*179 

1-203 

23*102 

4 

24*66 

22*29 

0-239 

1*01 

23*64 

5 

30-31 

26-76 

0-019 

2*41 

28*18 

6 

80*31 

26*93 

0-086 

0*72 

27*73 

6 

39*81 

34*96 

1-296 

1*667 

87*80 

6 

39*81 

34*596 

0*190 

1-12 

36*91 


Should the rosin originally admixed with the fat contain notable 
amounts of (unsaponifiable) rosin oils, the latter are determined as 
described under 4. 

It should be pointed out that in the case of impure oxidised oils 
such as black grease, by the treatment with hydrochloric acid gas a 
notable amount of acids are obtained, which must not be taken to be 


1 Bmulaion. 
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rosin acids without further investigation. A. A. Besson ^ records 
the same observation for sulphur olive oil (cp, Vol. II. “ Olive Oil ”). 


4. Quantitative Determination of Rosin Acids In Admixture 
with Fats (or Fatty Acids) and Unsaponiflable Matter 

If a mixture of rosin acids, fat, and unsaponifiable matter be under 
examination, the sample is saponified by boiling with alcoholic potash, 
and the alcohol driven off by prolonged boiling after dilution with 
water. Disregarding any undissolved unsaponifiable matter, the 
aqueous solution of soap is transferred to a separating funnel and 
shaken out with petroleum ether; thus the unsaponifiable matter is 
removed. The soap solution yields, on treatment with a mineral acid, 
a mixture of fatty acids and rosin acids, which are then separated by 
TwitehelVs process. 

On applying Twilchell’s volumetric method, the .separation of the 
umsaponifiable matter may be avoided by the following procedure : ^— 
The mixture is saponified with alcoholic potash, and the rosin acids, 
fatty acids, and unsaponifiable matter isolated by acidulating. If a 
mixture of the acids and unsaponifiable matter be given at the outset, 
saponification is, of course, unnecessary. 

Two grams of the mixed acids and unsaponifiable matter are weighed 
off accurately, titrated with normal caustic soda or potash, and the 
number of c.c. necessary to establi.sh neutrality to phenolphthalein is 
noted. Another 2 gnus, are treated with hydrochloric acid gas, as 
de.scribed above, and titrated with normal alkali. If a be the number 
of c.c. used in the first e.xperiment, and b the number found in the 
second experiment, then we find, adopting 316 as the combining weight 
for rosin, and 275 for fatty acids (palmitic, stearic, oleic) :— 

1. Weight of rosin acids = 6 x 0-346. 

2. Weight of fatty acids = (a - 5) x 0-276. 

3. Weight of unsaponifiable == KX) - [6 x 0-346 + (a - 6) x 0-275]. 

The accuracy of the result will, of course, greatly depend on the 
correctness of the assumed combining weights 346 and 275. 


6. Separation of Rosin Acids from Fatty Acids 

The separation of rosin acids from fatty acids is effected by passing 
the mixture of rosin and fatty acids through the esterification process 
described under Twilchell’s method. We then have a mixture of free 
acids and esters, and after titration, as e.y. in the volumetric process, 
there results a mixture of rosin soap and ethyl esters of the tatty acids. 
Now, if the alcohol is distilled off and the remaining mixture is treated 

' I'hm. Zdt, 1912, 8U ; 1913, 4.'!,-), 

2 Journ. Soc. (Jhan. hid., 1891,',,804. 
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with water, the soap is dissolved, leaving the esters floating on the 
surface of the soap solution. The two layers are separated, and the 
soap solution, after washing with common ether to, remove the last, 
traces of dis.solvod ethylic esters, yields the rosin acid on acidulating. 
The ethylic esters arc saponified by means of caustic alkali, and the 
fatty acids separated in the usual manner. Both the rosin acids and 
the fatty acids may then he examined separately. 



CHAPTER XI 

APPLICATION OF THE FOEEGOING METHODS TO THE' 
SYSTEMATIC EXAMINATION OF NATURAL OILS, FATS, 
AND WAXES 

An attempt is made in this chapter to describe in what manner t)ic 
methods detailed in the fore^oinf; chapters can be employed in the 
examination of a given sample, with a view to identifying it, or ascer¬ 
taining its nature. It may be .stated at the outset that in the present 
state of our knowledge we are not yet in possession of a definite course 
of analysis, to be followed in all eircumstances, such as is the case in 
inorganic qualitative and quantitative analysis. Yet by adopting a 
systematic plan of examination, it is possible in the majority of cases 
to identify a given sample of a natural oil, fat, or wax, and to ascertain 
whether it is a pure or adulterated specimen. In the latter ca,5e the 
nature of the adulterant can generally be ascertained. 

It must be distinctly understood that the following notes refer to 
natural products only. With the introduction of “ hydrogcnised ” 
(“hardened”) fats (sec Vol. III. Chap. XV.) .such distinguishing 
features as consistence, colour, odour, and taste, have lost much, if 
not the whole, of their former value. 

The consistence at the ordinary temperature helps to limit con¬ 
veniently the range of sub.stance8 to which examination must extend. 

Colour also proves in many cases of some as.sistance, chiefly in the 
case of solid fats (most oils in their refined state have a bright yellow 
colour). Thus among.st the solid fats, laurel oil is recognised by its 
yellowish-green colour, crude palm oil by its rdd colour (shading off 
from the brightest red of Lagos oil to a dirty dark red of Congo oil), 
and beeswax by its characteristic dirty yellow colour. 

The odour and also the taste of a sample will, as a rule, give some 
clue as to its nature. These “ organoleptic ” methods require, however, 
a good deal of practical experience, which is more frequently possessed 
by dealers in- oils than by analytical chemists. Still, it is easy to 
discriminate the marine animal oils from other oils by their characteristic 
smell.* Also rape oil, olive oil, lard oil, cotton .seed oil, and limseed oil 
are readily recognised by their smell, especially when slightly warmed. 

* Cp. Tsujitiioto, “ On the Cause of the Odours of Oils and Fats, eHjiecjally of Marine 
Animal Oils,” Journ. (Jolley. Eng., Tokyo, Imp. Univ., 1908, iv. (5), 181. 
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In some cases it is even possible to recognise adulterants, such as rosin 
or mineral oils. Greater practice is required for the recognition of 
certain oils or fats by taste ; linseed oil, maize oil, and cotton seed oil 
can be thus identified. Also lard and tallow can be readily recognised. 
Rancidity is readily a.scertained by taste in the case of edible oils and 
fats. Taste is therefore of great importance in the examination of 
these products, as taste alone is the ultimate criterion in deciding 
whether a sample is rancid or not. A cultivated sense of taste is re¬ 
quired for giving an opinion a.s to the value of a particular brand of 
edible oil which is pure in the sense of being wholly free from adulter¬ 
ants. To take an example, taste alone can discriminate between the 
finest oUve oils of the south of France, the somewhat “ harder ” oils 
of Tuscany, and the harsh oils of south-eastern Italy. 

If a mixture of two oils or tats is under examination, the preliminary 
indications furnished by consistence, colour, etc., frequently lose their 
importance. Yet with the help of the methods described in the fore¬ 
going chapters, it is, as a rule, possible to ascertain the presence and to 
recognise the nature of both constituents of the mixture, at least 
qualitatively. Frequently it will even be feasible to determine quan¬ 
titatively the proportions in which the component parts have been 
mixed. 

A more difficult problem is pre.scnted by a mixture of three or 
more oils, fats, or waxes. In cases of this kind commercial analysis 
may not always lead to a satisfactory result; still it is po.ssible in 
the majority of cases to identify at least one or two of the individual 
constituents in a mixture. 

Correct interpretation of indications afforded by the tests apphed, 
and strict logical reasoning, enable us in the majority of cases to narrow 
down, by a process of elimination, the range of possible constituents 
of a mixture to such an extent that the practised analyst will but rarely 
be confronted with the impossibility of arriving at least at approximate 
accuracy. If in the course of a commercial analysis the hmits of our 
present knowledge have been reached, the application of methods that 
have not yet been used for the case under consideration will suggest 
itself. This happens not infrequently in the examination of technical 
products derived by the processes described in Vol. HI. Chapter XV., 
and will play a very important part in the analysis of “ hydrogenised ” 
oils and fats. In such cases the analysis will a.s3ume the nature of a 
scientific investigation. 

One of the most important problems required to be solved by 
commercial analysis is whether a sample is pure or sophisticated. 

Adulteration of saponifiable oils, fats, and waxes with unsaponifiable 
oils or solid hydrocarbons is easily detected. The object of sophistica¬ 
tion being, of course, to cheapen an article, only tho.se oils, fats, or 
waxes are used as adulterants that are lower in price than the oil, fat, 
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or wax to be adulterated. Hence, tbe examination of a totally un¬ 
known mixture of oils, fats, or waxes will be greatly facilitated by 
learning its price, for thereby a number of more expensive substances 
is excluded from the scope of the analysis. In order to assist in fixing 
the attention on the substances lower in the scale of jiriees than the 
sample under examination, the following list, ranged in the order of 
the commercial values of oils, fats, and waxes, may be found useful. 
It should, however, be borne in mind that these prices are subject to 
wide fluctuations from year to year, causing e.g. cotton seed oil, linseed 
oil, castor oil, and rape oil, to change places. Ohve oil and cotton seed 
oil stand very far apart in the following list, yet at the end of 1909 low- 
class edible olive oils came very near in price to edible cotton seed oil. 
As another example may be quoted that the market value of linseed 
oil in the spring of 1913 was about half of that ruling in 1910. 


Oils and Liquid Waxes 


Almond oil 

Castor oil 

S])Crin oil 

Cotton seed oil 

Olive oil 

Soya bean oil 

Neat’s foot oil 

1 Mai>^e (corn) oil 

Lard oil 

Linseed oil 

Cod liver oil 

Whale oil 

Arctic sperm oil 

Japan fish oil, Menhaden 

Arachis oil 

oil 

Poppy seed oil 

Cod oil 

Sesame oil i 

1 Mineral oil 

Seal oil 

: Rosin oil 

Rape oil 

Tar oils 


Fats and 

Cacao butter I 

Butter fat j 

Wool wax I 

Beeswax 

Carnauba wax 

Chine.se wax 

Lard 


Waxes 

Cocoa nut oil 
Palm nut oil 
Tallow , 

Palm oil 
(Paraffin wax) 

Bone fat; other waste fats 
Wool grease 


The object of technical analysis is reached in the readiest possible 
manner by adopting a systematic plan, based broadly on the application 
of the general methods described in the preceding chapters. 

If a specific oil, fat, or wax be under examination, it is advisable 
to eomsult first the description of that oil, fat, or wax, and especially 
the tables containing the characteristic numbers, given in Vol. II. 
Chapter XIV. An endeavour will be made there to conclude the 
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description of most of the individual oils, fats, and waxes by pointing 
out those adulterants that fall within the range of practical considera¬ 
tion, and then indicating the methods of detecting them. In short, 
each individual product will be considered as an analytical problem. 
It must, of course, be borne in mind that commercial oils, fats, and 
waxes vary, in the case of vegetable products, with the soil, climate, and 
cliiefly the species of plant, and, in tlie case of animal products (some¬ 
times to a v(u-y considerable extent) according to the race of the animal, 
the mode of feeding, etc. The following examples will illustrate tliis 
point:—Some years ago olive oils having a higher iodine value than 
85 or 87 would certainly have been considei’ed as adulterated; yet 
Californian, Dalmatian, and Tunisian olive oils of undoubted ])urity 
have been found to absorb more iodine. Therefore, olive oils can no 
longer be condemned on the strengtJi of a high iodine value alone. 
Kxtremely instructive in the same respect are tJie commercial lards, 
especially tJiose of American origin. Whereas some years ago a lard 
having the iodine value of 63-05 would have raised the presumption of 
adulteration, there are at jn’c.sent coming into the market lards having 
iodine values whicli largely exceed these limits. Such lards must be 
allowed to pa.ss must<“r, since it has been recognis<'d that the fattening 
of hogs (especially in the United States and Canada) with cotton cake 
and (or) corn (maize) produces soft lards.” 

Beeswaxes, tlie acid and saponification values of which deviated 
considerably from tiio numbers 20 and !)5 respectively would liave 
been judged, up to the last twenty years, as being undoubtedly adulter¬ 
ated ; yet considerable quantities of Indian and Chinese waxes are 
imported in which the proportion of free acid is considerably smaller, 
and consequently the amount of saponifiable esters much larger than 
in those waxes which had bi^en known up till now in European estab¬ 
lishments. 

If it be boi'iie in mind that adulteration has almost become a fine 
art, and that it is being practised with the full armour of scientific 
knowledge by experts who are. frequently some years ahead of the 
knowledge ])ossessed by the analytical chemist, it will readily be under¬ 
stood that the analyst must sehH?t special methods and tests and adapt 
them to each specif^ case. 

The plan followed in the description of general methods (Chaps. 
V.-X.) will furnish an outline, and approximately indicate the sequence 
of methods to be applied in the examination of a given sample. 


OILS AND FATS 

It is advisable, in the first instance, to derive the fullest information 
by testing the oils and fats themselves; after that the examination of 
tlie fatty acids may be attacked. In the following lines some typical 
examples will be considered. 
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1. Determination of Neutral Fat and Free Fatty Acids In a given 
Sample—Acid Value and Saponlflcatlon Value 

This is a frequently occurring problem, as in the valuation of a 
“ soap stock fatty acid,” or to ascertain how far saponification of a 
neutral fat has proceeded in the control of a technical saponification 
process in order. Let k, the saponification value of a sample of auto¬ 
claved tallow, be 203-0, and a its acid value 162-2. Then the difference 
i -0 = 203-0-162-2 = 40-8 corresponds to the neutral fat present in 
the sample. Since the saponification value of neutral tallow may be 
taken once for all as 195, we have the proportion :— 

195 : 100 : : 40-8 : x ; hence x--^^ ^ ^ 100^ 20-92. 

195 


The percentage of neutral fat in the sample is therefore 20-92, and 
the proportion of free fatty acids 100-20-92 = 79-08. 

Even if the saponification value of the original fat be unknown, 
there is no need for operating with weighed quantities. Take a con¬ 
veniently large—not weighed—sample and determine in one and the 
same sample the number of c.c. normal alkali required for the neutralisa¬ 
tion and saponification values respectively. Let a and b be the numbers 
found, then gives the proportion of free fatty acids. 

The free fatty acids may also be determined gravimetrically; this 
becomes necessary in the ca.se of a mixture of free fatty acids derived 
from one kind of fat, with a neutral fat of another kind. In that case 
several grms. of the sample are weighed off or measured in a flask, hot 
alcohol and phenolphthalein are added, and the free fatty acids neutral¬ 
ised carefully by running in standard alkali until the solution just 
acquires a permanent pink colour. The liquid is allowed to cool, 
diluted with an equal volume of water (taking care that the proportion 
of alcohol does not fall below 40 per cent), and shaken out in a separating 
funnel with ether or petroleum ether as described Chap. VI. p. 457, 
“ Unsaponifiable Matter.” The aqueous layer is drawn off, and the 
ether layer repeatedly washed with water. The ethereal solution 
yields, after evaporation of the solvent, the neutral fat. From the 
aqueous layer the free fatty acids are separated by means of mineral 
acid ; their weight may be determined as described Chap. VIII. p. 522. 
Their mean molecular weight may then be determined, as also the 
mean molecular weight of the fatty acids in the neutral fat, after 
saponifying the latter and isolating the liberated fatty acids. 

If the mean molecular weight of the free fatty acids be known 
from the outset, their quantity can be determined without weighing, 
by calculating the amount from the number of c.c. of normal potassium 
hydrate used in the neutralisation of the free fatty acids. 

The next important step in the examination of a given sample is 
to determine its Iodine value. In many cases the results will permit 



XI NE0TEAL FAT—FEEE FATTY ACIDS—EXAMPLES 637 

to establish definitely the nature of the natural oil or fat. Simultane¬ 
ously, the state of freshness or of rancidity may be ascertained, provided, 
of course, no unsaponifiable matter be present. If this be. suspected, 
the determination of the unsaponifiable matter may be combined with 
the determination of the saponification value, as shown above (Chap. 

The following example may illustrate the foregoing remarks. 


2. Edible on 

An edible oil yielded the following numbers on examination :— 

Acid value.3*2 

Saponification value . . . 196-1 

lodino value .... lOO'S 
Unsaponifiable .... 0-82 per cent. 

From these numbers the conclusion is derived that the sample is 
practically a completely saponifiable oil, which cannot belong to the 
rape oil group. Its iodine value points to cotton seed oil. Taking 
282 as the mean molecular weight, which differs very slightly from 
the actual mean molecular weight of the fatty acids of cotton oil given 
in the table Chap. VIII. p. 514, it is calculated, with the aid of the 
conversion table Chap. VI. p. 440, that the sample contains 1-6 per 
cent of free fatty acids. 

A decided colouration in the Ualphen test would confirm the con¬ 
clusion that the oil under consideration is cotton seed oil. 

If a mixture of two Oils, the nature of which is known or can be 
readily identified, is under examination, it is possible to calculate 
approximately the proportion of both oils, provided the difference of 
their iodine values is sufficiently large. The following example may 
illustrate this. 


3. Edible Oil 

An edible oil, sold as olive oil, gave on examination the following 
numbers:— 

Acid value ..... 3-2 

Saponification value . . . 19ii-l 

Unsaponifiabie matter . . 0-82 per cent, 

lodino value .... 93 

The iodine value being rather high for olive oil, the presumption 
of adulteration is raised immediately. The presence of oils of the 
rape oil group is excluded by the saponification value. The presence 
of almond oil is excluded by its price. Reference to the table of the 
iodine values p. 410 would suggest the presence of either cotton seed 
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oil or arachis oil. If the Halphen colour test (Vol. II. Chap. XIV. 
“ Cotton Seed Oil ”) has revealed the presence of cotton .seed oil, its 
proportion in the sample may be calculated with the aid of the following 
two equations. Let x be the percentage of olive oil and y the percentage 
of cotton seed oil, then we have x + y = 100. Taking the mean iodine 
values of olive oil and cotton seed oil as 85 and 109 respectively, we 
obtain the second equation 

t Hcnco iior cent. 

llfU iWU 

If the Ilalphen test for cotton seed oil has been negative, the sample 
must be examined for tlie presence of aracliidic acid. If such has been 
found, then the calculation therefrom to arachis oil will approximately 
furnish the proportion-of arachis oil. In this case the calculation of 
the constituent oils from the iodine values (by means of two c(piations 
as shown above) would obviously lead to very uncertain results. 

For the examination of “ Hydrogenisod Fats” (Hardctiod Fats) see 
Vol. III. Chap. XV. 

If a high saponification value of a sample has directed attention 
to the presence of soluble fatty acids, then the Reichert value, and, if 
need be, the determination of the insoluble acids in conjunction with 
the unsaponifiable matter, wdll be of material assistance. This may 
bo illustrated by the calculation of the approximate com])osilioii of a 
sample of butter fat {sec 4). 


4. Butter Fat 

The following numbers were found in the examination of a butter 
fat:— 


Acid value ...... 

OOG 

Reiohert-Mcisiil value .... 

2 S-1 

Insoluble acids-f-uii-saponiliable 

87-5 |)or cent. 

Iodine value ...... 

32-6 

Mean molecular woi^'ht of the insoluble fatty acids 

200 

.Stearic acid in the insoluble fatty acids . *. 

0-49 per cent. 


From the low acid value the conclusion is drawn that mono- and 
di-glycerides are practically absent. 

From the mean molecular w'eight of the insoluble fatty acids, 260, 
the mean molecular weight of the corresponding glycerides is calculated 
as 3x260 + 38^ = 818. The percentage of glycerides of insoluble 
fatty acids is therefore 91-8 per cent, as calculated from the following 
proportion:— 

(3 X 200): 818 :; 87*5; x ; z--Ul*8 por cent. 


1 CaH,=:38; [C8Hb.(0H)3=C,H2 + 3U30]. 
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Thai glycerides of insoluble fatty acids consist of laurin, myristin, 
palraitiri,, stearin, traces of arachin, and olein (linolin being assumed 
to be absent). 

The following calculation from the iodine value 32-6 leads to the 
percentage of olein = 37-82:—■ 

86-2: 100; :32-(i : x ; x-^:i7-83. 

The amount of stearic acid in the insoluble fatty acids was found 
= 0-49 per cent, corresponding to 0-51 per cent of stearin [(3x284) : 
890:: 0-49 : x])-. This corresponds to 0-46 per cent of stearin in the 
butter fat. Sinee the glycerides of volatile fatty acids make up the 
difference, the composition of the butter fat under examination may 


be preliminarily taken to be aa follows :— 


Stoarin ..... 

0-4G per cent 

Jjaurii, mynstiii, palmitin, araclihi . 

.'>3 02 „ „ 

(•k‘in. 

.■n-82 „ „ 

Butyrin, caproi'n, etc. (by flillVreiice) 

8-20 „ „ 


10000.,, 


A further insight into the nature of the volatile acids may be gained 
from the amount of potassium hydrate reipiired to .saturate the total 
volatile fatty acids obtained by the process described p. 629. The 
experiment gave 41-4 mgrms. potassium hydraic (the value correspond¬ 
ing to the above-given lieichert-Meml value is 31-47) jier grm. of butter 
lat. The volatile acids from 100 grins, of butter fat would therefore 
reijuire 1-14 grins. KOII. The mean molecular weight of the volatile 
fatty acids could be calculated, if their absolute weight were known. 
This can be derived from the weight of their glycerides found above 
(by difference) as 8-20 pci cent. Since 3x56-1 = 108-3 parts of 
potassium hydrate correspond to 92 parts of glycerol (in the absence 
of mono- and di-glyccrides), or to 38 parts of CjH.^, the 4-14 grms. 
KOH correspond to 


« 


38x4-14 

108-3 


0 grm. of Cgllj. 


The percentage of tlio volatile fatty acids in the sample is therefore 
8-20 - 0-93 = 7-27. Since 7-27 grms. of the mhxcd volatile acids required 
4-14 grms. of KOH, their mean molecular weight must be 

M;5a-1:: 7-27: 4-14. M-08. 

From the numbers given in the following table it must be concluded 
that lauric and capric acids can only be present in very small quantities, 
whereas butyric and caproio acids preponderate :— 
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Acid. 

Formula. 

Molecular Weight. 
Theory. 

Butyric . 


88 

C;i2)roic . 

C,H,.A 

116 

CapryHc . 


144 

Capric 


172 

Laurie 


200 


Further information with regard to the composition o't the glycerides 
of volatile acids will be given under “ Butter Fat ” (Vol. 1,1. Chap. XIV.). 


If tlie Ueidiert-Meissl value of the butter fat were 24 or even 26, 
it woidd become necessary to examine the sample for the possible 
presence of cocoa nut oil or (and) palm kernel oil. This would involve 
the determination of the amount of alkali required i or the neutralisation 
of the insoluble fait;/ acids (see p. 424), and in doubtful ca.ses the applica¬ 
tion of the Phyloslerijl acetate test (see Chap. IX. p. 588 and p. 642). 


In more complicated casc.s, such as are presented by a mixture of 
throe oils or fats (cp. " .Margarine ” Vol. III. Chap. XV.), the examina¬ 
tion of the insoluble fatty acids becomes imperative. The first informa¬ 
tion will bo gained by the determination of their melting and .solidifying 
points and of their mean molecular weight. Next their iodine value 
will be determined. I have endeavoured in Chapter VIII. to indicate 
a systematic course of examining the mixed fatty acids, and the reader 
may therefore bo referred to p. 498. It is only necessary to supplement 
the directions given there by some additional explanations. 

In the first instance, recourse will be had to the separation of the 
solid from the liquid fatty acids. The amount of unsatui'ated fatty 
acids contained in the former will be determined next by the iodine 
value. In most ca.se3 it will be accurr ;e enough to calculate fi'om the 
iodine value to oleic acid, and correct the mean molecular weight of 
the .saturated fatty acids accordingly. 

If stearic acid be present, it should be determined in a direct manner 
(if possible). If a mixture of two acids of known composition be under 
examination, their respective proportions may be derived approxi- 
tmtely by calculation from the mean molecular weight of the mixed 
acids, provided this number has been determined with great accuracy. 

The mean molecular weight of the mixed fatty acids, M, should 
be determined with not less than 6 grras. of substance. Letting x and 
y be the percentages, and Mj and the respective molecular weights 
of the fatty acids, then x and y can be calculated from the following 
equations:— 

a:-|-y=100. 


100 ’^ 100 


=M. 
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For practical purposes, e.g. in works where mixtures of known 
fatty acids are exanained frequently, it is advisable to construct a 
table such as the following, which has been calculated by Mangold 
for stearic and palmitic acids :— 


Neulralisalion Values of Mixed Slearic and Palmitic Acids 


Neutralisutioii Vnlmi. 
of KOII per 1 kthl 

Mean Molociilar 
Weight. 

100 i»arl8 of the 

ytearic Acitl. 

mixturi! contain 

Palmitic Acitl. 

197*6 

284 

100 


198*5 

282-6 

95 

5 

]99*6 

281*2 

90 

10 

200-5 

279-8 

85 

15 

201*5 

278*4 

80 

20 

202-5 

277-0 

75 

25 

203-5 

‘27!;-c 

70 

30 

204*6 

274-2 

6.5 

35 

205-6 

272*8 

60 

40 

206*7 

271*4 

.55 

4.') 

207*77 

270-0 

50 

.50 

208-86 

263*6 

45 

55 

209-95 

267*2 

40 

60 

211-06 

265-8 

35 

65 

212-18 

264*4 

30 

70 

21.•5*30 

263*0 

25 

75 

214*45 

261*6 

20 

80 

215-CO 

260-2 

15 

86 

216*77 

2.58*8 

10 

90 

217-96 

257*4 

5 

95 

219*13 

•256-0 

— 

100 


If more than two fatty acids are present, the method yields un¬ 
reliable results. 

The examination of the liquid fatty acids is a more complicated 
problem. In the present .state of our knowledge the examination 
will, in the first instance, bo confined to the qualitative detection of 
oleic, linolic, linolcnic. and clupanodonic acids. The last-named acid 
occurs in marine animal oils. If oleic, linolic, and linolcnic acids have 
been detected qualitatively in a drying oil, it is possible to calculate 
approximately their proportions from the mean molecular weight of 
the liquid fatty acids and their iodine value, both numbers being found 
by direct determinations. Let M be the molecular weight of the mixed 
liquid fatty acids, M' the molecular weight of oleic acid (282), M" the 
molecular weight of linolic acid (280), and M'" the molecular weight of 
linolenic acid (278). Further, let 1 be the iodine value of the mixed 
liquid fatty acids, P the iodine value of oleic acid (90 07), I" the iodine 
value of linolic acid (181-42), and P" the iodine value of linolenic acid 
(274-1). Then the percentages x, y, and z of the three acids may be 
calculated from the following three equations :— 

VOL. I 2 T 
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x+y+z^\00, 

/'x+/"y+/"'*=100/, 

Wx+W'y+W"z =100M. 

It must, however, be distinctly miderstood that these calculations 
should only be looked upon as furnishing rough approximations, and 
they should only be employed if no other method is available. At best 
they should only be used to confirm results obtained by quantitative 
methods, such as the proportion of bromine in the brominated acids 
(sec Chap. VIII., where a systematic course of examining the mixed 
liquid acids is outlined). 

For the examination of the unsaponlflable matter it is necessary 
to isolate a quantity sufficient to perform the tests described in Chapter 
IX. One of the most important operations under this head is the 
phytosteryl acetate test 


5. Detection of Vegetable Oils and Fats in Oils and Fats of 
Animal Origin—Phytosteryl Acetate Test 

This test becomes of importance in the examination of lard for 
vegetable oils and fats, especially when a high iodine value of the 
sample raifjes the presumption of adulteration with cotton seed oil, 
and when this presumption has been corroborated by a positive Halpiten 
test. The phytosteryl acetate test is further of great importance in the 
examination of a butter fat in which a small amount of cocoa nut oil 
or palm kernel oil is suspected. 

These two cases will be dealt with exhaustively in Vol. II. Chap. 
XIV. under the headings “ Lard ” and “ Butter Fat ” re.spectively. 

It may be pointed out that the phytosteryl acetate test does not 
lose its value in the case of “ Hydrogenlsed Fats ” (“ Hardened Fats ”). 


6. Detection of Animal Oils and Fats in Oils and Fats of 
Vegetable Origin * 

This problem, the converse of the preceding one, resolves itself 
practically into a separation of cholesterol from (phytosterol) sitosterol. 
If only small quantities of animal oils or fats have been admixed with 
a vegetable oil or fat, the problem is a very difficult one. The author 
has employed the following method with satisfactory results:—The 
isolated alcohols are converted into their acetates and treated as is done 
in the phytosteryl acetate test. The acetates contained in the mother 
liquors from the first and (or) second and third crops of crystals being 
richer in cholesterol than the original mixture of alcohols, the mother 
liquors are collected, evaporated down to dryness, and the dry acetates 
are again passed through the phytosteryl acetate test. The melting 

' A;y. lard oil in olive oil (cp. Journ Soc, Clum. Iwl., 1903, 1163). 
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point of the first crop of crystals now obtained will indicate presence 
or absence of cholesterol. If need be, the process must be repeated 
once more. The author thus obtained sufficiently accurate results in 
the case of, to him, unknown mixtures of animal and vegetable fats. 

For the separation of cholesterol from phytosterol by means of their 
bromides, the separation of phytosterol from sligmasterol, and the 
separation of cofroslerol from both cholesterol and phytosterol, and the 
indication furnished by the “ Heat of Bromination Test ” see Chap. 
IX. p. 596. 


WAXES 

In the examination ot VV'axii.s and tlic products derived therefrom, 
the, investigation of the unsaponifiable. matter acquires great importance. 
The methods applicable in this c:ase have been detailed at length in 
Chap. IX. p. 600. They may be further illustrated by the following 
examples:— 


1. “ Recovered Grease ”* 

(Cnule Wool Fill) 

In a “recovered grease” (cp. Vol. III. Chap. XVI.) the following 
constituents arc determined :— 

(a) Free fatty acids. 

(b) Neutral saponifiable matter. 

(c) Unsaponifiable matter. 

(a) Free Fatty Acbls 

The amount of alkali required to saturate the free fatty acids in 
1 grin, of the “recovered grease” was 0-71 c.c. normal KOII (acid 
value = 39-8). A largo weighed cpiantity of “recovered grease” was 
then almo.st completely neutralised with the greater part of the alkali 
required (as calculated from the acid value) and then carefully titrated 
with half-normal alkali, until the solution became pink to phenolph- 
thalein. A large proportion of neutral saponifiable matter and un- 
saponiflablo matter rose to the top os an oily layer, and was separated 
from the .soap solution, after liaving been dissolved in ether. The 
remainder of the neutral saponifiable matter and unsaponifiable matter 
was removed from the soap solution by shaking out with ether. The 
ethereal solutions were united, fi-eed from adhering soap by washing 
with water, and the solvent was then distilled off. Thus the neutral 
saponifiable matter (6) and the unsaponifiable matter (c) were obtained 
together. 

Between the aqueous and the ethereal layers there appeared a 

' Ijewkowitucli, Journ. Soc. Ohern. Ind., 1892, 134 ; cp. also ibUi., 1896, 14. 
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flocculent stratum, which was found to consist of a sparingly soluble 
soap. This was i.solated by filtering off from the soap solution. The 
fatty acids of both the easily soluble soap and the sparingly soluble 
soap were separated in the usual manner by decomposing with a 
mineral acid. Thus the free fatty acids of the “ recovered grease ” 
were obtained in two fractions, viz. (1) acids forming soluble soaps; 
(2) acids forming insoluble soaps. 

Both groups of acids were found to contain inner anhydrides or 
lactones, a definite increase of weight on boiling with acetic anhydride 
(cp. p. 451) having been ascertained; therefore, in order to determine 
the mean molecular weight, the acids had to be boiled with alcoholic 
potash. The molecular weights found were respectively 326 and 520. 
The proportion of the acids (1) to the acids (2) having been found to 
be 9 :1, the mean molccidar weight of the total free fatty acids may be 
taken as— 

8x320+520 _ 

10 

On distilling 5 gnus, of the “ recovered grease ” as in Reichert’s 
process, it was found that 1 grm. required 0-124 c.c, of normal potash 
for the neutralisation of the volatile fatty acids. Assuming as their 
mean molecular weight 102 (CjlIj^O^), the “ recovered grease ” contains 
10-2 X 0-124 = 1-26 per cent otfree volatile acids. 

The insoluble free fatty acids in 1 grm. wore saturated by 0-71 - 
0-121 c.c. = 0-586 c.c. of normal potash. Their mean molecular weight 
being 345, we find 34-5 x 0-586 = 20-22 per cent of insolable free fatty 
acids. 

(b) and (c) Neutral Saponifiable Matter and Unsaponifiable Matter 

A somewhat large quantity of the substance (6) and (c), prepared 
as described already, was saponified, and the soap solution tested for 
ylycerol. The negative result proved absence of glycerides. The neutral 
saponifiable matter must, therefore, be considered a wax. 

The ether residue obtained by extracting the saponified mass with 
ether, and evaporating off the tatter, was completely dissolved by 
acetic anhydride, no oily layer separating on cooling (p. 602). There¬ 
fore, hydrocarlxins were absent, and the unsaponifiabte matter (c) could 
only consist of alcohols. 

The wax (6) was separated from the unsaponifiable matter (c) by 
judicious boiling out with alcohol,* in which the wax is almost insoluble. 
The latter was thus obtained as a viscous, wax-like substance, melting 
to a thick liquid at about 40° C. 

On saponification with double normal alcoholic potash under 
pressure (p. 107), 1 grm. of the wax was found to require 1-826 c.c. 
of normal potash, or, in other words, its saponification value was 
102-4. 

The alcohols {unsaponifiahle) were determined in the usual manner 
^ Preferably acetic anhydride. 
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by extracting the saponified mass with other; the fatty acids were 
then estimated in the soap solution by the method described in Chap. 
VIII. p. 523. Thus the composition of the wax was found, in two 
analyses, as follows :— 

I. II. 

Per cent. Per -cent. 

Fatty acids . . CyQ-’i 54-1 

Alcohols . 43*2 44-0 

99-5 98-1 

The sum of the constituents of the wax should have been higher 
tlian 100, several per cent of water being assimilated on saponification. 
The deficiency must be looked for in the percentage of the fatty acids, 
this having been found too low, owing to tlie property of these acids 
of easily losing water on drying, with formation of inner anhydrides or 
lactones. When rising alcoholic potash for the determination, the 
molecular weight of these fatty acids was found to be 327*5, from W'hich 
the percentage composition of the wax may be calculated as follows :— 

Plt cent. 

Fatly acids, 1-825 X32-76-- . . . . 59-77 

Alcohols (mean of values of armly.ses I. and 11.) . 43-60 

103-37 

The mean molecular ivcight of the alcohols calculated from the cijuation 

tll'O X 327-.’i 
80-77 

was found to be 239. 

The fatty acid.s absorbed only 17 per cent of ioditie ; they consisted, 
therclorc, for the most part o£ saturated acids. 


(c) Unsaponifiahlc Matter 

The proportion of unsaponifiahle matter was found approximately 
by analysing the mixture of (b) and (c) in the same manner as (6) 
was examined, and by collating the numbers obtained, in the following 
manner :— 

1 grin, of the mixture of (h) and (c) required 1-73 c.c. of normal 
KOH for saponification, fis percentage composition was found as 
follows:— 



1 . 

II. 


Per cent. 

Per fcnl. 

Fatty acids .... 

50*7 

49*8 

Alcohols .... 

47*5 

47-6 


98-2 

97*4 

From these numbers we calculate— 


Per cent. 

Fatty acids, 1*73x32*75 


56-66 

Alcohols ..... 


47-55 



104-21 


The 6G-66 parts of fatty acids require 41-34 parts of alcohols, of the 
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mean molecular weight 239, to form wax. Consequently there are 
present in the “recovered grease” 47-55-41-34 = 6-21 per cent of 
uncomhined unsaponijkMe matter. 

The compo.sition of the “ recovered grease ” is therefore— 

I*er cent. 


Volatile fatty acids ..... l-2() 

Insoluble free fatty acids .... 20-22 

Uneaponifiablc matter (uncombined alcohols) . 6-21 

Wax {wool wax), by difference . . . 72-31 


10000 

To check the result, the sum of tlie imoombinod alcohols and wax 
could have been determined direct. 


The number 72-31 for wax can he resolved, with the help of it.s 
above-given percentage composition (fatty acids, 59-77 per cent; 
alcohols, 43-60 per cent), into two numbens expressing its component 
parts, viz. 72-31 x0-5977 = 41-81 per cent of fatty acids, and 72-31 x 
0-436 = 30-5 per cent of alcohols. The total unsaponifiahle matter 
obtainable from the “ recovered grease ” on complete saponiticatiim is, 
therefore, 30-5-t 6-21 = 36-71 per cent. Hence the analytical result 
may be expressed as follows :— 


Volatile fatty acidti .... 
Insoluble free fatty acids 
Un.safKmifiable matter (uncombined alcohols) 
/ Combined alcohols .... 

1 Combined fatty acid.s .... 


ror ct-iit. 

1-2G 

20-22 Tulul uiisaiioiiili- 
0-21 ^ 

30-50 / 

41-81 


The percentage of tlie ioial imsaponijiahle waUer—ZQ-li —can, of 
course, be verified by direct determination, wliich may be suitalfiy 
combined with the determination of the saponification value. Direct 
experiment gave the number 36-47 (sec below). 


A more rapid, and for technical purposes sufficiently accurate, 
method would be to determine tlic acid value, the mponification value, 
the proportion of (ot/il uamponijiahle uiaKer, tlie uiexin uiolecular undplil 
of the total insolnUe acids,^ and, if rerpiired, tlie llckheri-Meiad value. 
By proceeding in this manner, the following nuinliors were obtained :— 

1 grm. required for the neutralisation of the volatile t 

acids ....... 0-124 c.c. of normal KOH 

1 grm. required for the neutralisation of fret* inaolublc 

acids ....... 0-58(i c.e. „ „ 

1 grm. required for the neutralisation of total insoluble 

acids ....... 2-10 c.c. „ „ 

1 grm. required for the neutralisation of combined in¬ 
soluble acids (by difference) .... 1-48 c.c. „ „ 

Mean molecular weight of the total insoluble acids . 332 * 

Unsa|)onifiabIe matter ..... 30-47 per cent. 

' This must be determiuod with ah-nkolic potash (cp. above). 

ITiis mmilfcr Is .somewhat loo hij^h, owing to the dark colour of the alcoholic solu¬ 
tion of the fatty achU. 
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From these analytical data we find:—The percentage of the free 
insoluble acids is 0-586 x 33-2 = 19-45 ; the percentage of the combined 
fatty acids, as hydrated acids, 1*48 x 33-2 = 49-13 ; and the percentage 
of volatile acids, 0-124 x 10-2 = 1-26, as before. 

These numbers are collated in the following table :— 


Volatile fatty acids .... 

Per cent. 

1-26 

In.solnble free fatty acids 

10-45 

Combined fatty acid.s (as hydrated acids) 

. ' 4013 

Total unsaponiliable matter 

30-47 


100-31 


Part of the surplus over 1(X) is due to a certain amount of water 
liaving been assimilated on saponification; the remainder is due to 
an error in the number found for the molecular weight of the total 
insoluble fatty acids, owing to the difficulty of titrating accurately 
tlie dark alcoholu^ solutions. 

It would not have been permissible to determine the proportion 
of the total fatty acids by the method described p. 523, as the result 
would obviously be too low, owing to the formation of inner anhydrides. 


2. Wool Wax ^ (“ Lanolin ”) 

Wool wax was dehydrated by melting and allowing the water to 
sul)side. The anhydrous wax was tlien dissolved in absolute alcohol 
and saponified by means of metallic sodium in a flask attached to an 
inverted condenser. The alcoliol was distilled off, and the mixture of 
soap and alcohols, whilst still warm, was poured into water, and shak(‘n 
until the temperature had fallen so that common ether could be added 
with safety. After vigorous shaking, the mixture was allowed to 
stand for some days. It then separated into three layers, viz.:— 

(1) An ethereal layer on the top, consisting of the ethereal solution 
of the (ihohols {unsaponifiable matter). 

(2) An aqueous layer on tlie bottom, being a solution of soap— 
easily soluble soap. 

(3) An intermediate thick layer, repre-senting a .soap sparingly 
soluble in water —sparingly soluble soap. 

The ethereal layer was drawn off, washed well with water, which 
was later on added to (2) and (3), and the mixture of (2) and (3) ex¬ 
hausted with ether until no more unsaponifiable matter was extracted. 
Each portion was examined for soap. The first extractions yielded the 
unsaponifiable matter free from soap; later, small quantities of 
soap, increasing in inverse proportion to the quantity of unsaponifiable 
matter, appeared in the extracts. These were treated separately with 
warm water until free from ash, before being united with the main 
portion. 

^ liewkowitacli, Journ. Soc. Chem. /jwi., 1890, 14. 



648 SYSTEMATIC EXAMINATION OF OILS, FATS, AND WAXES chap. 

Thus tlie alcohoh—umapoiiifiahle matter —were obtained free from 
ash. 

1. Alcohols—Vnsaponijiahle Matter. —The amount of unsaponifiable 
matter obtained was 51-84 per cent. It represented an unctuous 
substance of light yellow colour. The following characteristics were 
ascertained:— 

Melting point ...... 40*-48° C. 

Iodine value ...... 20-35 

Increase in weight on boiling with acetic anhydride 8-26 per cent 


Saponification value of the acetate . . . 153-23 

From the following table :— 

Increase tm iKiiliiig witli 
Acfitic 

Per cent. 

Cetylalcohol ..... 17-2 

Cerylalcohol ..... 10-0 

Cholesterol (or isocholcstcrol) . . . 10-9 


it will be gathered that cetylalcohol must be almost absent. Further, 
it may be concluded from the low iodine number that the proportion 
of the two cholesterols cannot be very large, as the iodine value of 
cholesterol is 67*7.^ 

On subjecting the wool-wax alcohols to treatment with soda-lime 
and maintaining the temperature at 250° C., about 80 per cent were 
recovered as unchanged alcohols; 6 per cent of fatty acids, of the 
melting point 51°-53° C., could be isolated from the soap solution. 

2. Fatty Acids of the Easily Sohihle Soap. —The separation of the 
easily .soluble soap from the insoluble soap, (3), was effected by filtration. 

The soap solution was freed from dissolved ether by distillation, 
and the fatty acids were then isolated in the usual manner by boiling 
with acid. The amount obtained was 25-5 per cent. The colour of 
these acids was light reddish-brown. 

The following characteristics were determined :— 


Melting point 
Iodine value 
Neutralisation value 
Saponification value 


62-5®.56-5® a 
9-95 
173-88 
189-07 


The definite difference between the saponification and neutralisation 
values, viz. 15’70, points to the presence of lactones (see Chap. VIll. 
p. 517); it was then ascertained that above 120° C. the acids rapidly 
lose water, whereas the iodine value varies but little. 

In another preparation the ether was not removed by distillation 
but mineral acid was added to the cold solution and more ether added, 
so that the separated fatty matter was at once transferred t-o the 
ether, from which it could be recovered at a low temperature. The 
fatty matter thus obtained was vdiite and sliowed the following char¬ 
acteristics :— 


^ Joum. Hoc. Chem. Ind., 1892, 143 ; cp. Chnp. IX. p. 604. 
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Iodine value • . . . . • • 

Neutralisation value . . . . • 168-92 

Saponification value . . • • • 192-82 

The difference between the saponification and neutralisation values 
is in this case larger than before, viz. 25-9, and it thus becomes evident 
that whereas the iodine value remains practically constant, the lactones 
are partially converted into fatty acids on heating the mixed acids with 
water, as was done in the previous case. 

The lactones were isolated by carefully neutralising the fatty 
matter with aqueous potash and exhausting the soap solution with 
petroleum ether. The fatty acids were liberated from the soap solution 
ill the usual manner. Their neutralisation and saponification values 
were found to be 194 and 193 respectively. 

The examination of the lactones led to the following numbers ; 

lodiiK! value ...... 2-4 

Acid value • • • 

Saponification value ..... 174-C3 

The soap solution obtained from the lactones (anhydrides) by 
boiling with alcoholic potasli was treated with a mineral acid to separate 
the fatty acid. The acid value of the substance was found to be 61-24, 
thus proving that lactones had been rc-formod to a (-onsiderable extent. 

3. Fatty Acids of the Sparingly Solnhle Soap .—The fatty acids were 
liberated by boiling the soap solution with mineral acid. They had 
the following characteristics :— 

(1) Iodine value . . . ■ ■ 6*96 

(2) Noutraliaation value .... 106-5 

(3) Saponification value .... 128-2 

(4) DHTererico (3)-(2) .... - 21-7 

In a second preparation the fatty atdds were liberated in the cold 
in the same manner as described above. The isolated fatty matter 
was sparingly soluble in cold ether or petroleum ether, and large 
quantities of the solvent were required to effect complete solution. 
The fatty substance thus obtained was wliite ; its quantity amounted 
to 26 per cent. It gave the following characteristics 

(1) Iodine value ..... 3-9 

(2) Acid valuji . ■ • 86-16 

(3) Saponification value .... 135-86 

(4) Difference (3)*(2) ..... 49-70 

This portion of the wool wax contains therefore a larger amount 
of lactones than that described under 2. 

The fatty substance was then separated, in the manner described 
above, into (a) fatty acids, and {b) lactones. 

Tlie fatty acids (a) had the following characteristics 


Iodine value 
Neutralisation value . 
Saponification value . 
Melting point . 


4-85 
131-38 
141-8 
65^66® C. 
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Hence lactones had again been formed on decomposing the soap. 

The lactones (6) had the following characteristics :— 

Iodine value ...... 8-69 

Saponification value ..... U5-0 

On separating the fatty matter from the alcoholic soap solution 
by acidulating with a mineral acid, lactones were re-formed to a varying 
extent in different experiments; but the re-formation of lactones in 
thus portion of the wool wax took place to a very much smaller extent 
than was the case in the corresponding portion of the easily soluble 
soap. 


3, “ Distilled Grease ” ^ 

{Liquid Portion) 

The liquid portion of the distillate obtained on a large scale by 
subjecting “ recovered grease ” to distillation gave on examination the 
following results :— 

(a) I grm. required for the neutralisation of the free fatty 

acids. ...... 102 e.c. of normal KOll 

(b) 1 grm. required for the neutralisation of the total 

fatty acids on saponification . . . 210 c.e. ,. „ 

(c) 1 grm. required therefore for the neutralisation of th(^ 

combined fatty acids .... U-18c.e. ,. „ 

(d) Mean molecular weight of the total fatty acids - . .’{OO r) 

(e) Total unsaiKinifiable matter .... fi8-8 per cent. 

From the numbers recorded under (c), (</), and {e) the following 
composition of the distilled grease may be derived :— 

pi-r criit. 

Fatty acid.s (as hydrated acids), 2*1 X 30-05 . . ()3-l 

Total iinsaponifiablo matter .... 38-8 

lOI-O 

The low number obtained for the combined fatty acids shows that 
the greater portion of the wax had been decomposed during distilla¬ 
tion. » 

The free fatty acids were isolated as described p. 643. Their 
mean molecular weight was 286; they may, therefore, be considered 
as consisting of a mixture of oleic, stearic, and palmitic acids, with a 
small proportion of higher fatty acids. The proportion of free fatty 
acids in the “distilled grease” was, therefore, 1-92x28-6 = 54-91 per 
cent. 

The wax plus the unsaponifiable matter was isolated in the same 
manner as described p. 644. The separation of these two constituents 
was, however, impossible, as the unsaponifiable matter is also insoluble 

* l^ewkowitach, Journ. Soc. Oum.. hid., 1892, 141. 

“ DftcrniiDed with alcoholic potuHh. 
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m alcohol. The mixture of the two substances was therefore saponified, 
so as to isolate the fatty acids contained in the wax. These were 
titrated with alcoholic potash and found to have the molecidar weight 
394. The proportion of combined fatty acids in the “ distilled grease ” 
was, therefore, (2-10-1-92) x 39-4 = 7-09 per cent. 

The alcohol combined with the latter acids was contained in the 
total unsaponifiable matter. Its presence was proved, on the one 
hand, by boiling an accurately weighed portion with acetic anhydride, 
and a.scertaining that an increase in weight had taken place ; and, on 
the other hand, by isolating the alcohol from the total unsaponifiable 
matter by means of alcohol. 

Adopting the molecular weight of the alcohols that had been found 
p. 645 for the combined alcohols in the “ recovered grease,” we can 
calculate the proportion of alcohols from the equation 

tma X 23!) 

3U4 ’ 

hence x — 1'3. 

The amount of undecoinposed wax in the “ distilled grea.se ” is, 
therefore, neglecting the small amount of water assimilated on saponi¬ 
fication, 7-09 + l-3= 11-39 jier cent. 

The remainder of the unsaponifiable matter, 38-8-4-3 =^34-5 per 
cent, consists of hydrocarbons formed in consequence of the free fatty 
acids and of the wax of the “ recovered grease ” having been decom- 
jiosed during distillation (cp. Vol. III. Chap. XVI.). 

The composition of the “ distilled grease ” is expressed by the 
following numbers:— 



I’fr CGiil. 

Free fatty acids 

. 54-01 

Combined fatty acids 

. 7-09 ^ UmJeoomiiosf'tl 

Combined alcohols . 


Unsaponifiable matter (hydrocarlions) 

. 34-.50 


h’or the further examination of the hydrocarbons, cp. Vol. III. 
Chap. XVI. “ Distilled Grease Oleine.” 


* 4. Beeswax 

The examination of bee.swax may be carried out on the same lines 
as indicated under “ Recovered Grease.” Ether is, however, unsuitable 
as a solvent for the neutral portion of beeswax, and is best substituted 
by carbon tetrachloride. 

The proportion of easily soluble soap is very small in the case of pure 
beeswax. 

The detailed examination of beeswax, and especially of adulterated 
beeswax or beeswax mixtures, is best carried out by saponifying the 
sample, diluting the alcoholic solution with one volume of water, and 
shaking out with ether, when three layers are obtained (cp. p. 644). 
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(a) An ethereal layer (on the top) containing the free alcohols of 

beeswax, the hydrocarbons present in beeswax (together 
with any added hydrocarbons), and the alcohols previously 
combined with fatty acids to form saponifiable esters. 

(b) An aqueous layer (at the bottom) containing the ca.sily soluble 

soaps (.soaps of palmitic acid, etc.). 

(c) An intermediate layer containing sparingly soluble soaps (of 

cerotic, melissic, etc., acids).—Tliis layer must be exhaustively 
extracted with ether in order to remove completely the 
occluded unsaponifiable matter. 

Each layer is tlien examined separately by the metliods described in 
the foregoing pages. 

For an abbreviated method of examinmg bce.swax, including the 
detection of other waxes and other adulterants, sec Vol. II. Chap. XIV. 
“ Beeswax.” 


TECHNICAL PRODUCTS 

The examination of technical products is illustrated by numerous 
examples given in Vol. III. Chap. XV. and Chap. XVI. 

The investigation of a complicated technical problem is c,xcmplificd 
by the section “ Conversion of Oleic Acid into Candle Material,” Vol. III. 
Chap. XV. 



CHAPTER XII 

KXAMINATION BY STRICTLY SCIENTIFIC METHODS 

Ip the, iiifoi mation obtained by tlie metliods described in tlie foregoing 
cliapters is not deemed sufficient for elucidating the composition of a 
given product, recourse must be had to strictly scientific methods. 
As a rule, these do not fall within the province of the technical analysis 
of oils, fats, and waxes. 

Many of the analytical processes described in the foregoing chapters 
have passed through the stage of a .strictly scientific research, before 
they were worked out so far that they can be regarded as expeditious 
technical methods. Since not infrequently it becomes necessary to 
undertake further research, I collate in this chapter a number of methods 
which at present may be termed strictly scientific. It appears also 
useful to record in this chapter some proposed methods which, so far, 
have not led to useful results, but are apt to offer hints and suggestions 
for further elaboration. 


A. Examination of Glyeepidec 

(o) Fmdioiuil CrijMallisation of Ghjceritlea 

it has been pointed out already that the natural oils and fats are 
more or le.ss complicated mixtures of several triglycerides; recent 
researches have sdown (Chap. I.) that mixed triglycerides form the 
preponderant constituents of the natural oils and fats, and their oceur- 
rence must be more seriously taken into account than has been done 
hitherto.! Xhe mixed glycerides described Chap. I. have been isolated 
by fractional crystallisation. Not until a well-crystallised substance 
has been obtained, will ultimate (elementary) analysis furnish any 
useful indications. This becomes apparent on glancing at the following 
table stating the percentages of carbon, hydrogen, and oxygen contained 
in palmitin, stearin, olein, linolin, ricinolein, in some mixed glycerides, 
and in a number of commercial oils and fats. 

' Cp. Lewkowitscli, “ Les Corps gras (Industrie et Analyse) Conference,’’ BvUet. Soc, 
Chim. lie France, April 1909. 
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Simple Triglycerides. 

Formula. 

Carbon. 

Per cent. 

Hydrogen. 
Per cent. 

Oxygen. 
Per cent. 

Palmitin 

Stearin . 

Olein 

Linolin . 

Ricinolein 

CfljHflgOg 

C57Hj,5,0« 

CnHnwOg 

75- 93 

76- 8.5 

77- 38 
77-90 
73-39 

12-16 

12-36 

11-76 

11-16 

11-16 

11-91 

10-79 

10-86 

10-94 

15-45 


Mixed Triglycerldos. 

Formula. 

Mol. W. 

Carbon. 
Per cent. 

Hydrogen. 
Per cent. 

Oxygen. 
Per cent. 

Steai'odiiialinitin 


834-82 

76-18 

12-32 

11-50 

Palraitoni.stcariti 

C,,H,.„«.i 

862-8.5 

76-49 

12-38 

11-1,-1 

Stoarodiolcin 

C.,7lbA 

886-85 

77-13 

12-05 

10-82 

Oleotlisteariu . 


888-86 

76-95 

12-25 

10-80 


Oil or Fat. 


Carbon. 

Hydrogen. 
Per cent 

Oxygen. 


Per cent. 

I’er cent. 

Liii.sced oil' . 


76 -SO 

11 - 21 ) 

12-00 

• 


77-80 

11-20 

11-80 



78-00 

11 -00 

n-oo 

Rajicoil* 


77*99 

12-03 

9-98 


78-20 

12-08 

9-72 



77-91 

12-02 

10-07 

Finback oil. 


77-05 

12-05 

10-90 

Train oil ^ 


76-85 

11-80 

11 -35 

Cod liver oil - . 


75-91 

12-22 

11-87 

Seal oil . 


77-10 

13-.50 

9--10 

Horse fat * 


77-07 

11-69 

11-24 

Lard' . . . 

. 

76-54 

11-94 

11-.52 

Beef tallow' . 


76-.50 

11-91 

11-59 

Mutton tallow' 


76-61 

12-03 

11-.36 

Butter fat' 


75-63 

11-87 

12-50 

y 


74-78 

11-46 

13-76 


Beckmann,* as also Narinann^ attempted to determine the mean 
molecular weights of oils and fats by the cryoscopic and ebullioscopic 
methods, but it was found that the molecular weights so obtained for 
the glycerides are not in accordance with those derived from the saponi¬ 
fication values, as will be gathered from the following table due to 
Normann (cp, also Vol. III. Chap. XV. “ Polymerised Tung Oil ”) 


* First analysed by Saussiire in 1820, Ayinal. I'kiin. et Phys. 13, 351; Schulze ami 
Reinecke, Lklnija AnnaUn, 142, 198 ; Koiiig, Chemischr. Zusamnwirntzung dex Noli- 
runnsiniUtl, etc., i. 199, 200, 429. 

2 Schacfller, Technoloyie der Fetle und vie, p. 750. 

^ Fleischniaan and Warnibold, Xeits.f. Biolog. 50 (1907), 305. 

ForackringnbeTiclile Lehensmittel, 1894, i. 422 ; 1895, ii. 

» Chem. ZeiL, 1907, 311. 
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in 


OIL 

Saponific 

Value. 

Molecular Weight. 

Calculated. 

Foiiml. 

Olivo oil. 

190 

904-7 

834.1078 

itape oil. 

180-5 

930-7 

699-9-993 -4 

Kapo oil (nitrobenzene solution) 



911-1248 

Blown rape oil ... . 

202-7 

828-8 

1042-825 

Castor oil. 

185-2 

917-1 

691-501 


Curiously enough, Custodis ^ obtained by the cryoscopic method 
half the theoretical values in the cases of liquid a-a*dilaurin and liquid 
trilaurin. 

Later cryoscopic and ebullioscopic experiments were carried out by 
Held^ in a solution of (dry) ethylenedibromide. It was found in the 
case of the cryoscopic determinations that with the increase of the 
amount of substance the molecular weights increased, as will be gathered 
from the following table :— 


Cryoscopic Determinations of jMolecuhr Weights in 
(dry) Ethylenedibromide 


Substftiice. 


Olivo oil . 
Castor oil . 

* Cacao butter 
j Japan tallow 
I Mutton tallow 
1 Oleodistcarin 
! Triolein . 

I Oleic acid 


Molc'iuilar Wei;^ht. 


I S29-5-m-5 

827-8.10bJ 
i S67 -lOOJ 

I !>27 .2284 

870 .1207 
' 897-7-898-2 

! 895'7-904-8 

i 425-5-587'2 


AinoQiit of Substance 
•mjiloywi. 

Onus. 

0-445 -2-2880 
0-181 .1-6800 
0-36J7.1-9586 
0-2540.0-9292 
0-2590.2-4442 
0-1415.0-6224 
! 0-3188.1-7091 
I 0-2196-1-2406 


Although in the case of olcodistcarin and triolein approximately 
correct numbers were obtained, much less satisfactory or, indeed, 
useless numbers were found in the other cases. Glycerides of saturated 
fatty acids and the higher saturated fatty acids exhibited such small 
solubilities that ethylenedibromide was found entirely unsuitable. 
Equally unsatisfactory results were obtained in ebullioscopic experi¬ 
ments, when ethylenedibromide was used as a solvent. This may be 
illustrated by the following table 


* Inaiuf. Dissert. ^ Ziiricli, 1909. 

* Inatig. Dissert., 1909, Liebertwolkwitz ; cp. also Dankworth, Inaug, Dissert,, 
1906, Leipzig. 
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Ehullioscopie Determinations of Molecular Weights in Ethylenedibromide 


Substance. 

Molecular Weight. 

Concentration. 

Olivo oil . 

649-598 

Per cent 
M3-6-47 

Castor oil .... 

768-643 . 

l'23-6-43 

Cacao butter . 

752-642 

1-46-8-28 

Jaimn tallow . 

806-643 

0-91-9-30 

Mutton tallow . 

070-556 

1-56-9-00 

Tristcarin .... 

7r>.').683 

0-844-6-18 

Triolein .... 

822-700 

1-47 .6-79 

Tripalniitin 

802-726 

0-925-5-28 

Stearic acid 

304-346 

0-976.3-25 

Oleic acid 

248-370 

0-93I-7-70 

Palmitic acid . 

297-333 

0-87G-3-62 


As an illustration of the practicial application of these methods to 
a commercial product the following numbers, due to Held, may be 
reproduced:— 


Cryoscopic Determination of the Molecular Weights of Linseed Oil, 
Polymerised Linseed Oil, and their Fatty Acids, in Benzene 


SllbstYTICO. 


Oils — 

Linseed oil , 

Polymerised linseed oils 
1. By heatiiiR to 310“- 
315° 0. for one hour 
II. By blowing with air 
at 310° C. for 3 hours 
Folly Acids from — 

Linseed oil . 

Polymerised linseed oil 


Molociilar WciKlit. 

Weight of Sub.stttm;B 
eiiiployed. 

099-8 (through 701-2)-686-8 

Oriii.s. 

0-1482-2-0091 

1170-1190 

0-3557-1-3016 

1485-1527 

0-6591-2-2501 

545-0-561-2 

0-8270-1-6007 

836-2-849-2 

0-5521-1-8254 


The experiments undertaken by Heintz to obtr in pure stearin * 
from tallow by repeated crystallisation from ether did not, in his hands, 
lead to chemically pure substances. His method has been employed 
with greater success in the preparation of a number of mixed glycerides 
(described in Chap. I.). The first mixed glyceride was obtained by 
precipitating the ethereal solution of mkiinyi fajt'by alcohol (Heise). 
Holde,^ in an examination pf olive oil, cooled thA ethereal solution to 
- 40° to - 45° C. Other methods for the resolution of oils and fats 
into their component glycerides are based on the crystallisation from 
a mixture of chloroform and ether (Fritztmkr), or from acetone,? 

^ Pare stearin was first prepared by Chevreul. , ' 

* BerieJUst 1901, 2402. • Cp. Breda, German patent 144 ,. 
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(KUmont), or from a mixture of chloroform and acetone (Seitter^). 
Kreis and, Hafner ^ then showed that it was impossible to obtain 
glycerides free from olein or from mixed glycerides containing oleic 
acid by mere crystallisation from alcohol, ether, benzene, and amyl 
alcohol.® Olein so tenaciously adheres to the saturated glycerides that 
although the recrystallised glyceride retains its melting point unaltered, 
it still absorbs iodine. The impurity can, however, be removed by 
treating the glyceride with Ilubl's solution (or with Wijs' solution) so 
as to convert the oleo-glyceride into its chloro-iodo-compound. The 
latter can then be more readily removed by crystallisation from benzene 
or alcohol, and finally from ether. 

.The foregoing methods a])pear to be full of promise for the successful 
resolution of the mixtures of glycerides, with which we have to deal in 
the natural oils and fats. Up to a few years ago hardly more than a 
beginning had been made. Kecently, however. Bonier * worked out a 
method for the identification of pure glycerides which is based on the 
exact determination of the melting point. The individuality of a 
glyceride can be established by recrystallising a .substance in such a 
manner that only so much of the solvent at a low temperature is em¬ 
ployed that by far the largest portion of the substance scparute.s, and 
by continuing the recrystallisation twenty or thirty times until no 
more crystals separate. If it be found that both the glycerides dissolved 
in the several mother liquors and the crystals obtained therefrom have 
in each case the same melting point, the a.ssumption i.s justified that a 
chemical individual has been obtained.® 

Bdmer ^ found that a mixture of two molecules of tristearin and one 
molecule of tripalmitin can be easily resolved into its constituents by 
crystallisation from ether ; also a mixture of one molecule of tristearin 
and of two molecules of tripalmitin can be resolved, although not quite 
so readily, into its constituents. 

In the case of mixed glycerides, however, which, as stated already, 
form the preponderant portion of most oils and fats, the problem offers 
very great dilBculties. This becomes obvious if we remember that, 
e.g., assuming that no other fatty acids than palmitic, stearic, and 
oleic are present, in tallow we may a priori expect to find the following 
ten glycerides:— 

Tripalmitin, tristearin, triolein, dipalmitostearin, dipalmitoolein, 
palmitodistearin, „ palmilodiolein, palmitoste.aroolein, distearoolein, 
stearodiolein. 

For examples of the most tedious and very laborious work entailed 
in the crystallisation of natural fats until pure products are obtained 
the reader must be referred to Bower’s papers in which the isolation of 

* Heits.f. Unlers. d. Nahrgs- u. (Jemmn., 1908, xv. 486. * Ikrichfe, 1903, 1126. 

» Cp. also H. Okada, Ckcm. XeiL, 1908, 1199. 

* Zeits.f. UiUers. d. iVWirps- u. Qe,nussw.^ 1907, xiv. 90; ibid.., 1913, ixv. 321. 

Cp. also Chap. I. p. 35, and Chap. V. p. 317. • 

* If the uiisatnrated glycerides have heca removed hy iodocliloride, the absence of 
halogens in the final product must be ascertained. 

® ZtiU. /. f/ndertj. d. Nahrgs- it. Omumn., 1907, xiv. 97 ; 1908, xv. 82; 1909, 
xvlL 855. 
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tristearin, palmitodistearin, and dipalmitostearin from tallow and the 
isolation of stearodipalmitin and palmitodistearin from lard is 
described. 

The melting point of the crystallised glyceride is first determined 
in a melting-point tube (cp. Chap. V. p. 319). After the substance has 
melted, the thermometer, with the attached melting-point tube, is 
taken out of the sulphuric acid and immersed immediately—for about 
ten seconds—in water at the temperature of 15° C. The thermometer 
and melting-point tube are then placed in another sulphuric acid bath 
at the ordinary temperature; the bath is immediately heated. As 
soon as the sulphuric acid has reached a temperature within a few 
degrees of the “ point of transition,” the source of heat is removed and 
the temperature observed carefully whilst the sulphuric acid is stirred 
constantly. That temperature at which the substance in the melting- 
point tube has become translucent, or perfectly transparent, is noted 
as the “ point of transition.” Wlien the temperature of the sulphuric 
acid bath rises further, the substance becomes more and more cloudy 
and at last completely opaque. As the source of heat has been removed 
(as described above) the temperature will only rise about 5° above the 
“ transition point,” and then begins to fall. After the temperature has 
been allowed to fall to about the “ transition point ”—which requires 
some five to ten minutes—the sulphuric acid bath is again heated with 
constant stirring, and the point is now observed carefully at which the 
substance becomes completely clear and liquid. This point is con¬ 
sidered to be the “ melting point ” of the glyceride which has solidified 
from the once melted substance. For a number of diagrams illustrating 
the changes in the appearance of the substance during those observa¬ 
tions, the reader must be referred to the original papers.^ 


(h) Fractional Distillation of Glycerides 

The glycerides of the lower fatty acids can be fractionally distilled 
in a complete vacuum without undergoing decomposition, as has been 
shown first by Ckevreul. 

On distilling laurel oil in a complete vacuum Krafft ^ found that at 
260°-275° C. a product was obtained, melting at 43° C. and yielding 
after crystallisation from alcohol a substance melting at 45° C. and 
agreeing in its elementary composition with trilauiin. On distilling 
nutmeg butter in the vacuum of the cathode light, a distillate was obtained 
between 290°-300°, solidifying at 53° and melting after recrystallisation 
from alcohol at 55°. Elementary analysis showed that the substance 
consisted of trimyristin. In both cases impurities had been removed 
by the process of recrystallisation. Inasmuch as laurel oil and nutmeg 
butter consist preponderantly of glycerides of lauric acid and myristic 
acid respectively, the pjoportion of mixed triglycerides in the natural 
fats cannot be large ; hence intra-molecular changes as may be expected 

’ Zcits.f. UnUrt. d, Nukrgs- u. OenmsW:, 1907, xiv, 97 ; 1909, xvii. 363. 

2 Berichte, 1903, 4843. 
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in the case of nai-ural oils and fats, consisting preponderantly of mixed 
triglycerides, cannot have occurred. 

On subjecting Japin wax to the same process, palmitin underwent 
decomposition. Inasmuch as Kraffi ascertained that pure tripalmitin 
distils in the vacuum of the cathode light at 310°-320° C., it may be 
conjectured that the other constituents of Japan wax (dibasic acids, 
etc.) were the cause of the failure to obtain pure tripalmitin by distilla¬ 
tion. 

It would, therefore, seem that whereas pure tripalmitin, as also pure 
stearin and olein {Ckevreul), can be distilled without decomposition in 
vacuo, that the impurities in natural oils and fats are largely con- 
tributary to secondary products being formed. 

As an analytical method the fractional distillation of such fats as 
tallow, etc., would seem to be a liopeless method. Very much better 
results are obtained by fractional distillation of the methylesters of the 
fatty acids (see below). 


B. Examination of the Fatty Acids 

(a) Examination of the Volatile Fatly Acids 

The process described in Chapter VIII. p. 629 permits to distil 
olf all the volatile acids contained in and derived from natural oils 
and fat-s, and thus to separate them almost completely from the insoluble 
acids. 

The amounts of potassium hydrate required to saturate the total 
volatile acids in a number of oils and fats have been given in the table 
on p. 530. The neutralised distillate is then boiled down to a small 
volume, and the bulk of the volatile acids i.s liberated as an oily layer 
by adding to the solution of the potassium salts fairly concentrated 
sulphuric acid. In order to recover the last traces of the most volatile 
acids, the aqueous acid layer may again be subjected to distillation or 
may be extracted with ether. 

According to Liebig, the a(|ueous solution of the volatile fatty acids 
is divided into two equal portions. One part is exactly neutralised 
by caustic potash'; the second part is then added, and the whole sub¬ 
jected to distillation. The acids of lower boiling points pass into the 
distillate, whilst the higher boiling acids remain in the distilling flask 
as pptassium salts. Acetic acid, however, if present, also remains 
behind as potassium salt. By repeatedly treating both the distilled 
and the remaining acids in the same manner, pure fractions of the 
several acids are Anally obtained. Liebig employed this method for 
separating butyric acid from a mixture of butpic and isovaleric acids, 
and, further, for isolating acetic acid in admixture with either of these 
two acids. Veiel, however, arrived at the opposite result, having found 
that isovaleric acid distilled over, whereas butyric acid remained behind. 
Lieben (by stating that Liebig’s method is not accurate) partly con- 
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firmed Veiel’s results, and effected an approximately satisfactory 
separation by partially neutralising the mixture of acids, when the 
higher acids could be distilled off, whilst the lower acids remained 
behind as salts. Wechsler,'^ applying Liehen's method to equivalent 
amounts of two acids, examined the following mixtures: formic and 
acetic ; acetic and propionic; acetic and butyric; acetic and isobutyric ; 
propionic and butyric ; but 3 Tic and caproic. The mixed acids were 
neutralised with four-fifths of the theoretical amount of alkali, and 
distilled as long as the distillate was found to be acid. The remaining 
■salts were then treated with an amount of sulphuric acid sufficient 
to liberate exactly three-fifths of the fatty acids, and distilled again. 
The last fifth was finally obtained by acidulating the residue and 
subsequently distilling it. The first fraction was found to contain the 
higher acid,^ and the last fraction the lower acid, in an almost pure 
state. The ini.xture of butyric and isovaleric acids, however, could not 
be separated by this method, a result at variance with the statements 
of both Liebig and Veiel. Crosslet/,^ again, could not obtain such 
satisfactory results as If echskr'e statements led to expect. On distilling 
fermented wool-scouring liquors, A. and P. Buisine^ found that the 
volatile fatty acids with a higher number of carbon atoms distilled 
over first. 

Edenmeyer and Hell •’ proposed to separate the several volatile acids 
by fractional saturation with silver carbonate. The acids, having a 
higher boiling point, are precipitated first. 

fife® showed that by mere fractional distillation of the free acids 
in a current of steam, if care be taken to replace the water as it is 
distilled off, a separation can be effected, the a(ud of higher molecular 
weight passing over first. This result has been corroborated by Heeht ’ 
(cp. also Chapter 111.®). 

The examination of the volatile acids has received a new impetus 
through the methods of Muntz and Condon, and of Polenske (Chapter 
VIII.). It is therefore advisable, in the examination of the volatile 
fatty acids, to separate them into .soluble volatile acids and insoluble 
volatile acids, as detailed above (Chapter VIII. p. .632). B’urthcr 
important suggestions as to these examinations are contained in papers 

* Journ. Sih\ Chou, /ml., 1891, 179 ; cp. iilso Sorcl, ihid., 1896, 15 (543), 143. 

- Cp. Analyst, 1907, i201. « 

* 1‘roc. Ckoii. Soc., 1887, 21. * Chou, ijenlr., 1898, 23. 

Liebig'If Anna/. 160. 296, footnote. ** Jkrickle, 11. 46. 

’ Liebig's Annal. 209. 319. 

* For furtlier inforinatiou the rcailer may ho referred to papers by Duclaiix (dw«. 
Vhys. Chiia., 1874 [5], 2, 289 ; Ilaherland (Zeits.f. anal. Cham., 1899, 217); Chftp.man 
{Analyst, 1899, 114); Holzmann {Arch. d. Pharm., 1898, 409); Crossley and Le Sueur 
{Journ. Chem. Soc., 1897, 162) ; (Jrossley, ihid., 1897, 580 ; Musprntt, Journ. Sue. 
Chem. Ind., 1900, 207 ; Schiitz, Zeits.f. anal. Ghent., 1900, 77 ; 0. Jensen, Annuairc 
agricole de la Suisse, 1904 ; Lassevre, Ann. Inst. Past., 1907 (21), 829, adversely 
criticised by Hodgson, Analyst, 1909, 435, and by C. A. Keane and P. Narracott, 
ihiil., 1909, 436 ; R. K. Dons, Zeits. f. Vnters, d. Nahrgs- u. (Jenuson., 1908, xv. 
75, xvi. 705 ; A. Faucon, Compt. rend., 1909 (148), 38 ; J. Effronl, Seventh Intern. 
Cong. Appl. ('hem., Sect. iv. Al, 83, London, 1909 ; (». Seliber, Compt, rewl., 1910 
(150), 1267 ; F. Edeleteiii and F. v. Csonka, Diochem. Zeits., 1912 (42); K. Lang- 
held and A. Zeileis, Berichte, 1913, 1171. 
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by Kirschncr} 0. Jensen? K. Jensen? and also by Wijsman and ReijsL* 
These methods may perhaps lead to the quantitative determination of 
caprylic acid in the form of its silver salts ^ 


(6) Examination of the Non-Volatile Fatty Acids 

The separation of the saturated from the unsaturated acids described 
Chap. VIII. p. 538 is not a quantitative one, as has been pointed out 
already. It appeared likely that by repeating the extraction of the 
lead salts in which the saturated acids preponderate, lead salts free 
from unsaturated acids might be obtained. TJiis was, however, not 
borne out in the case of a specimen of linseed oil fatty acids examined 
in the author’s laboratory. The fatty acids of the insoluble lead salts 
had the iodine value 22*34, and formed 8*0 per cent of the total fatty 
acids. After passing the solid fatty acids for a second time through the 
Icad-salt-ethcr process, 7-5 per cent of solid acids, which still absorbed 
19-2 per cent of iodine, were obtained. 

Experiments made by the author with a view to removing the 
unsaturated acids by converting tliem into i hloro-iodo-compounds have 
not led to satisfactory results. 

Tiie solid saturated adds can be further scparateil by fractional 
precipitation, of their alcoholic solutions (saturated in the cold) with 
alcoholic .solutions of barium or magnesium acetate in the hot {Heintz ^). 
At first the magnesium salts of the higher fatty acids separate, then 
those having a lower number of carbon atoms. Each precipitate is 
filtered off, the free acetic acid in the filtrate is neutralised with ammonia, 
and then a fresh quantity of magnesium acetate is added. If the latter 
no longer prodiu-es a precipitate, it is in some cases possible to obtain 
a further precipitate by adding a concentrated aqueous solution of 
barium acetate. 

Pehal ’ used as a precipitant an alcoholic solution of lead acetate. 
Every fraction is then decomposed by hydrochloric acid, and the 
fatty acids of the same melting point are united. The several fractions 
are repeatedly subjected to the same, process until pure substances 
result. A fraction may only then be looked upon as a chemical indi¬ 
vidual, if its melting point is not altered by further recrystallisation, 
and if by furthei'fractional precqiitation with magnesium acetate, acids 
having identical melting points are obtained. Elementary analysis 


^ Zeifx. f. L'iiter:i. d. A’ahrgs- v. (jeitiiasm.y 1905, ix. 65. 

Ibid., 1905, X. 266. ^ PkamcetUisk Tidende, 1903, 385. 

'* Zeiis. f. Unters. d. Nahrg.^- u. (ienussm.,'\dO{y, xi. 267. 

® Cp. Lewkowitsch, Jakrbuch der (Jtumie, xiv. p. 437 ; Vol. 11. Chap. XIV. “Cocoa 
Nut Oil,” *'Butter Fat"; Vol. 111. “Mar^'ariiie.” For“Baryta Value” cp. Second 
Edition of this work, 1898, p. 158; Ave-Lulleinant {Ze.Us. f. Unters. d, Nahrgs- v. 
(Jenussm.., 1907, xiv. 317). For “Cadiiihiin Value” cp. Poal and Amberger, ibid.^ 
1909, xvii. 45 ; Liihrig, I'harm. Zentralh,, 1909 (50), 441. For Zinc Salts cp. Bremer, 
Forschnngshcrifkte, 1897 (iv.), G ; Paal and Amberger, Zelts. f. Unte^rs. d. NaUrgs- u. 
(Icwimn.f 1909 (xvii.), 45. For “ Ethylester Value” sec p. 066. For “ Lauric-niyristic 
Value” cp. W. Arnold, ZeiU. f. Unters. d. Nahrgs- «. Oemtssm., 1907, 164. 

® Jdurn. f. prokt. Uhem., 1856 (66), 1. ’ Liebig's A nnal. 91. 138. 
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of the acid or of its silver salt would confirm that a chemical individual 
has been reached. 

It is evident that pure acids can only be arrived at by frequent 
repetition of the fractional precipitation. The quantitative isolation of 
the individual acids by this method must, however, bo considered as 
being altogether out of the question. 

Experiments made by Hehiier mid Mitchell ^ on mixtures of palmitic 
and stearic acids with a view to ascertaining the usefulness of such 
methods for analytical purposes, furnish an approximate idea as to hocv 
far separation can be effected. Pure stearic and palmitic acids were 
mixed in the proportions stated in the following table, and precipitated 
with such quantities of aqueous barium acetate solution, as were 
sufficient to precipitate the stated amounts of stearic acid :— 


Sepamlioii tiffcdcd by Pixci]nluiion of Mixed Stearic and Palmitic 
.Iciils with Aiineonc Barium Aretalc 


stearic Aciil. 
Oims. 

I’aliiiitic Acid. 
Griiw. 

nai iiim Ac<'t.Ttc 
addol MiUicieiit 
to iirecipit.'ito 
Stearic Acid, 
trims. 

Stoarir Acid in 
I’lw.ipitaU*. 

I’er cent. 

1 

1 

1 

71-7 

1 

2 

1 

62-8 

1 

3 

1 

27-9 

1 

3 

1 

30-9 

0-5 

0-5 

0-6 

02-7 

1 

1 

0-5 

46-<i 


On precipitating the filtrates in a similar fashion, it not infrequently 
happened that the second fraction contained a larger proportion of 
stearic acid than did the first fraction. 

Similar experiments with aqueous solutions of magnesium acetate 
and alcoholic solutions of lead acetate gave no better results. 

Kreis and llafner ^ suggest to determine in a mixttire of stearic 
and palmitic acids, first, the amount of stearic acid by the method 
described p. 556, and then to dissolve the mixed fatty'acids in so much 
alcohol that on cooling to 0° C. the palmitic acid (the amount of which 
is calculated by difference) remains in solution. After allowing to 
stand for twelve to fourteen hours in an ice-chest, they filter oft and 
crystallise the residue on the filter twice from alcohol; the crystals so 
obtained are judged to be pure stearic acid. The filtrate, which only 
contains 0-12 grm. of stearic acid per 100 c.c., is evaporated down to 
half its volume, and mixed with so much of an alcoholic magnesium 
acetate solution as is required for precipitating the dissolved stearic 
acid. Alter standing for twelve to fourteen hours at the ordinary 


Amlystf 1896, 818. 


a Berichte, 1903, 2766. 
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temperature, tiro precipitate is filtered off and the fatty acids arc 
recovered from the filtrate. Kreis and Uafner found them to melt at 
60° C. The acids are next dissolved in so much alcohol that they do 
not crystallise out at the ordinary temperature, and one-third of the 
previously used amount of magnesium acetate is then added. After 
repeating this operation once more and recrystallising from alcohol, 
pure palmitic acid of the molting point 62-3° C. was obtained. Kreis 
and Uafner are of the opinion that this process, in which the bulk of 
the stearic acid is removed at the outset by simple crystallisation, is 
more expeditious than Ueintz’s method. 

Berg} as also Fahrion} suggest the separation of palmitic acid from 
stearic acid by means of acetone. 

The above-suggested methods apply to a mixture of two acids only. 
Ilolde ® has shown that whilst the separation of two acids .such as stearic 
and palmitic, or arachidic and palmitic, can be effected by Heiniz’s 
method, the results become very uncertain when three acids are present. 

Fractional distillation of the mixed solid acids, with a view to 
isolating the individual aiads, did not lead to satisfactory results ; nor 
did crystallisation from alcohol prove of advantage, chiefly because 
small amounts of ethylic esters arc formed {E. B. Holland *). 

The resolution of the mixed liquid fatty acids by means of fractional 
distillation in the vacuum of the cathode light ® has been resorted to by 
F. Kraffl} Such a vacuum, for the measurement of which a mercury 
gauge can no longer be used, can be obtained without difficulty by the 
employment of a Baho vacuum pump. The boiling points of fatty 
acids recorded in Chapter III. have been determined by means of this 
apparatus. 

Bedford, however, showed that the separation of the unsaturated 
fatty acids of linseed oil cannot be effected by fractional distillation 
ill vacuo. Thus an experiment yielded three fractions which had 
respectively the iodine values 201 •!, 203'8, 20C-6. 

The somewhat complicated contrivance described by Krqfft may 
be advantageously replaced, in a technical laboratory, by a combination 
of two apparatus (Fig. 58 and Fig. 59), designed by the author’ for 
fractional distillation in vacuo. As they have been found very con¬ 
venient in daily use, they may be recommended to laboratories having 
a vacuum pipe provided with several taps. 

A finely drawn out tube is soldered in the distilling flask (Fig. 68). 
The tube is fitted on its outer end with an india-rubber tube and a 
screw-clamp, by means of which a current of air or of an indifferent 
gaS can be drawn in, whilst at the same time the pressure is regulated 

I Chem. Zeit., 1908, 779. ’ Zeits. /. angew. Chem., 1909, 771. 

* Berichte, 1905, 1250. 

* Joum, Ind. Eng. C'Am., 1911, 170 ; cp. also Vol. II. Chap. XIV. “ Almond Oil ” ; 
“Apricot Kernel Oil.” 

» Berichte, 1896, 1316, 2240 ; 1899, 1623 ; 1903, 1690. 

9 Berichte, 1883, 1726 ; 1889, 816 ; 1896, 2683 ; Joum.f. prakL Chem., 1909 (80), 
242; cp. also Fischer and Harries, Berichte, 1902, 2168 ; E. Erdmann, 1908, 3456. 

/nwm. Chem. Sot., 1889, Trans. 860. 
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accurately. By means of this contrivance it is also feasible to prevent 
frothing of the liquid. Nozzle a, of the adapter (Fig. 59) is fitted to a 
Liebig condenser; h and c are connected by india-rubber tubing with 
two taps of a vacuum pipe. On starting the distillation, the distilling 
flask, the adapter, and the conical receiving flask are exhausted through 
6 and c, whilst the stopcock d remains open. When the first fraction 
has distilled over, tap d and the vacuum tap connected with c are closed. 
The receiving flask is thus shut off from the vacuum pipe, and is filled 
with air by disconnecting the india-rubber tubing from c. The flask 
can be taken off easily and emptied, or replaced by another, whilst the 
distillation proceeds without interruption. When the receiving flask 





Pig. 68. Pip:-'-9- 

is fitted on again it is exhausted through c, as before, and tlicn connected 
with the distilling flask by opening tap d} 

A much more promising process than the fractional distillation of 
the fatty acids themselves is the fractional distillation of the methylic 
and ethylic esters of the fatty acids.^ 

Haller ^ fractionates the methylesters ^ obtained by “ methanolysis ” 

^ For siruilar adapters cp. Hci'ichle, 1887, 1833 ; Bedfor*!, Inawj. hissert.^ IJalle a/S, 
1906 ; Chera. Zeit., 1908, 487. Freimdlicb, Chem. Zf.iL, 1908, 820, miggests replacing 
the a4lapter and receiver shown in Fig. 59 by a pair of interchangeable adapters, thus 
following closely the device wliich is employed in works where distillation in vacua is 
carried out. A. Hahn, fierichU^ 1910, 1725 ; J. Campbell Brown, Proc. Chew, Soc., 
1910, 149 ; cp. also Chen. Zeit.y 1909, 27 ; Ze.it, f. mujew. Chew., 1909, 15. 

2 Cp. 'n»ir<l F.ilition of this work, 1904, p, 422. 

* Compt. rend., 1906 (143), 694. 

* n. Meyer and A. Eckert (Monalffh., 1910, 1232) prepare the methylesters by 
heating the lithium salts of the mixed fatty acids with thionylchloride and extracting 
the chlorides thus obtained with boiling methylalcohol. 
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(see Chap. II. p. 100) under ordinary pressure up to a temperature of 
194° C. (which is the boiling point of methyl caprylate) and beyond 
194° C. in vucm. The fractional separation proceeds satisfactorily up 
to methyl laurate ; beyond that the separation becomes less complete, 
especially as the esters of the higher saturated acids—myristic, palmitic, 
stearic—always retain oleic ester. This method has been applied to 
the investigation of castor oil, linseed oil, cocoa nut oil, cotton seed oil, 
Japan wax, and Ciiy-Cay fat (cp. Vol. II. Chap. XIV. under the headings 
of these oils and fats). 

The method is carried out as follows (Haller ^):—500 grms. of fat 
are mixed with 626 grms. of absolute methyl alcohol containing 2-6 
per cent of hydrochloric acid and 850 grms. of ether. The mixture 
is heated under a reflux condenser for twelve hours. After cooling, the 
liquid is treated with barium carbonate in order to neutralise the free 
acid, and is then washed with brine in order to remove glycerin and 
the excess of methyl alcohol. The ethereal layer is next dried over 
calcium chloride, and warmed in order to distil off the‘ether. The 
remaining methylesters are then fractionated in vacuo. The residue 
remaining in the flask is a black solid mass ; in various operations 5-30 
grms. of this residue were obtained. The different fractions are cooled 
below the freezing point, so as to recover solid esters which arc retained 
by the liquid esters, in the form of crystals. 

Unfortunately the boiling points of the methylesters of the un¬ 
saturated acids lie so closely together, that the esters cannot be separated 
from each other by fractional distillation, as will be .seen from the 
following table detailing the result of a fractional distillation of those 
methylesters of the cotton seed oil fatty acids which boil above 200° C. 
at a pressure of 18 mm. :— 


Fraction. 

Boiling Point. 

C. 

Pressure. 

Quantity obtained 
from 535 Grams 
of Oil. 

foillne Value. 

I. . 

Up to 201'5 

16 nun. 

8 grams. 

77-13 

II. . 

201 ■6-204 

16 „ 

9 „ 

101-19 

III. . 

204-207-5 

16 

20 „ 

123-51 

IV. . 

207 ■5-210 *5 

16 „ 

83 „ 

130*87 

V. . 

•J10-.5.2U-5 

10 „ 

11 

123*83 

VI. . • 

Above 21i‘5 

16 ,, 

2 M 

107-23 




133 „ 



As an examjile of an examination of cod liver oil acids by this 
method, the table published by Bull * may be reproduced ;— 


' Coinpt. rend.f 1908 (146), 250. 

- The iodine values of the methylesters of oleic, linolic, and linolenic acids are 
resiioctively 85*8 and 172'8 and 260. 

» Bull, lierkhle, 1906, 3570. 
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Fraction 
up to *0. 

Percent. 

Ikation 
Value, i 

lodiiit) 

Value. 

Fnictiou 
up to-'C. 

I’«r cent. 

Baponi- 

licatiun 

Value. 

Iixiine 

Value. 

361-5 

0-45 



203-0 

1-18 

195-2 

86-2 

163-0 

‘2 00 

229-5 

9-5 

‘202-5 

2-10 

196-5 

97-6 

165-0 

1-00 

-227-8 

9-2 

‘205-0 

3-88 

189-9 

101-8 

170-0 

0-65 

221-5 

26-1 

‘206-0 

17-00 

188-1 

100-6 

1750 

0-90 

216*2 

39-4 

210-0 

2-25 

186-8 

l‘23-4 

177-5 

0-35 

214-4 

44-8 

212-5 

0-65 

182-8 

143-3 

130-0 

0-90 

211-4 

62-2 

215-0 

0-65 

181-2 

158-2 

183-5 

2-40 

209-2 

63 -3 

217-5 

1-25 

179-0 

168-7 

185-0 

4-05 

207-1 

62-2 

2-20-0 

1-20 

176-0 

167-4 

186-0 

7-48 

‘204-6 

57-2 

223-0 

5-12 

174-0 

156-2 

187-0 

1-83 

‘206-5 

50-5 

2-25-0 

9-‘26 

173-2 

15-2-2 

188-0 

1-37 

‘204-6 

50-2 

227-5 

0-66 

170-2 

155-7 

100-0 

1-69 

202-5 

56-8 

230-0 

0-88 

167-8 

144-0 

19-2-5 

0-91 

‘201-1 

64-5 

235-0 

0-90 

163-2 

143-6 

195-0 

0-44 

199-2 

59-3 

239-0 

1-30 

160-4 

138-4 

197-5 

1 0-76 

197-3 


•240-0 

3-52 

159-8 

130-0 


For experiments made by Tsujimoto with methylcsters of fatty acids 
from marine animal oils cp. ^ Vol. II. Chap. XV. 

Fendler^ suggested, for the detection of small quantities of cocoa 
nut oil and palm nut oil in butter fat, to distil the ethylesters under 
ordinary pressure up to 300° C., on the a.ssumption that only the esters 
of the lower fatty acids, up to and including the ethylester of myristic 
acid, would distil over. The volume of the esters obtained from 86 
grm.s. of fat are measured. Thus butter fats gave from 2-6 to 6’I c.c., 
palm kernel oil 37 c.c., and cocoa nut oil 40 to 42 c.c. For the minute 
details which must be observed in the carrying out of this method so as 
to obtain comparable results, the reader is referred to the original paper. 
It is hardly likely that this method, which has been specially designed 
for the rapid detection of an admixture of palm nut oil or cocoa nut oil to 
butter, will supersede other proved methods (see Vol, II. Chap. XIV. 
“ Butter Fat ”). Fendkr proposes the name “ distillation value ” for 
the number of c.c. of ethylesters obtained. It need only be added 
that Fendler saponifies in the cold according to Henriques’ directions 
(see p. 106), substituting, however, alcoholic potash for alcoholic soda. 

* 

Krafft and his collaborators consider, as the best method for the 
identification of fatty acids having a high number of carbon atoms, 
the conversion of the fatty acids into their corresponding hydrocarbons, 
the chemical and physical characteristics of which can be determined 
readily. The method consists in mixing thoroughly one part of acid 
with five parts of dry, finely-powdered barium hydroxide and then 

* The saponilicatiou values of the methytesters of myristic. palmitic, oleic, gadoleic, 
and erucic acids are respectively '231'4, 207*4, 189*2, 172*8, aud 160*9. 

* Cp. also Chem, Revue, 1913, 8. 

^ Mitt. a. d. Phanli, Irtetitul der Univ., Berlin, 1908, The author states that the 
method was worked oat in 1903. Cp. also J. Uaiiua and F. Petrik, (J/iejn. Zed. Rep., 
1907, 20.5. 
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distilling in vacuo. Thus erucio acid, C 22 H 42 O 2 , yields heneicoaylen, 
boiling at 201°-202° C. under 12 mm. pressure, and melting at 
about + 3° 0 .; from it is obtained a dibromide which was reduced by 
means of hydriodic acid and red phosphorus to normal heneicosane 
melting at 40° C. The usefulness of this method has been especially 
demonstrated in the investigation of the dibasic acids occurring in 
Japan wax (see Vol. II. Chap. XIV.). 

For the detection and examination of the highly unsaturatcd 
fatty acids in cod liver oil. Bull * proposed fractional crystallisation 
of their sodium and potassium salts from alcohol and ether. He thus 
obtained fatty acids, the high iodine values of which (322 and 347) 
indicated the presence of acids belonging to the scries C.jHjn.jOj (cp. 
Vol. II. Chap. XIV. “ Cod Liver Oil ”). For further information the 
reader must be referred to the original paper, since Bull himself contro¬ 
verts, and throws doubts on, some of his own results.^ 

TortelU and Fortini suggest the determination of the lemperature 
at which the separation of crystals of sodium .salts of the liquid fatty 
acids, takes place with a view to recognising individual fatty acids 
(cp. Chap. III. p. 131, footnote 1). The observations made by them 
were added to the table given above. Chap. VIII. p. 553 ; in view of 
the great uncertainty attaching to this suggested metliod, the reader 
must be referred to the original.® 


C. Examination of the Unsaponiflable Matter 

The exhaustive examination of the unsaponifiable substances 
demands the preparation of considerable quantities so that the separa¬ 
tion of the sterols from the hydrocarbons and other unsaponifiable 
substances can be carried out effectively. The first step consists in the 
treatment by the digitonin method or in treatment with low boiling 
petroleum ether at a low temperature, whereby the sterols and aliphatic 
alcohols can be freed from the bulk of the resinous and colouring sub¬ 
stances. 

From the mixture of sterols and aliphatic alcohols the individual 
alcohols may be isolated by first crystallising fractionally theii- benzoic 
or acetic esters.* The latter are ea.sier to distil than the original sub¬ 
stances, and can therefore be more effectively resolved into fractions. 
The indications given in Chap. IX. will assist the analyst in working out 
a suitable modus operandi. 

‘The petroleum ether insoluble substances represent frequently a 
viscous liquid, which has been resolved, in some cases, into its com¬ 
ponents by fractional distillation. Mallhes and his collaborators have 
devoted attention to this subject, but hitherto, owing to the difficulty 
of the problem, which naturally varies with each different oil and fat, 

> Chan, ZdL, 1899, 996 ; 1043. ® Ihid., 1900, 814. 

• Ohan. ZeU., 1910, 690. 
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a general method has not been worked out. As an example may be 
given the following table, detailing the results of the fractional distilla¬ 
tion of the liquid portion of the unsaponifiable matter from cheiranthus 
oil (Matthes and BoUze *). 


P'faction. 

Iodine Vuluo. 

Uofractive Index ut 

40" C. 

I. Up to JCO” C. 

193-0 

1-4910 

II. 160.2()5 

80-4 

1-4734 

Ill. 205-210 

ll9-(i 

1-4900 

IV. Reftklue 

112-1 

1-5105 


‘ Arch. ii. Pliaritl., 11*12, 250, 211 ; cp. also Matthes and Ileintz, ibul.y 1909, 247, 
161 ; Matthes and Dahle, ibut,, 1911, 429. 
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